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H SECTION I--INTRODUCTION
3

As part of its system for offloading damaged oil tankers and barges, the
U.S. Coast Guard is including floating flexible rubberized fabric containers
as a means for storing and transporting oil. In developing offloading systems
for damaged chemical tankers and barges, the availability of this same type of
container would be advantageous. The ideal situation would be to use the same
container for both 0il and chemicals. However, the chemicals are often heavier
E than water and often damage the materials presently used for flexible oil con-

3 tainers. An early review of the chemicals on the U.S. Coast Guard List of
Hazardous Chemicals indicated that only 42 percent of the chemicals can be car-
ried in present oil containers, Reference 1. If flotation is added, it was
predicted that 60 percent of the chemicals could be carried. To increase the
percentage of chemicals carried, the container must have not only added flota-
tion but improved materials.

A project goal of containing at least 90 percent of the chemicals can be
attained if container materials and buoyancy features can be developed for atl
of the listed chemicals with a specific gravity of 1.4 or less. If the con-
tainer materials cannot tolerate all of these chemicals, then the 90 percent
goai is to be attained by increasing the flotation capability to carry some of
the heavier chemicals that are compatible with the container materials.

The U.S. Coast Guard contracted Goodyear Aerospace Corporation (GAC) to
conduct a hazardous chemical container feasibility/concept design study to det-
ermine the feasibility of developing and using portable containers to offload
hazardous chemicals at sea and to provide conceptual design for such portable
containers, Reference 2. The intent of the study is to evaluate the feasibility
of developing the portable containers by investigating the potential specific
gravity capability and the types of materials that can be used with the chemicals
on the U.S. Coast Guard List, Reference 1.

The requirement for carrying denser chemicals leads to increased loads on
the fabric components. A factor of 2 increase in fabric strengths and seam
strengths ari required over presently built containers to carry chemicals with a

by




specific gravity of 1.9. Attaining these seam strengths requires engineering
development. Another approach is to use seamless construction techniques. Com-
patibility of the different potential container materials with the different
chemicals over a 200-hour period is based on available data which are limited

i for some of the combinations. Thus the goal may be exceeded or not attained
after more complete compatibility tests are conducted in the future. Container

[ concepts are to be operated with a minimum of new equipment and training for

] using the stronger system with its large buoyancy provisions.

] The container design requirements for the different chemicals are presented in
Figure 1. The chemicals are listed in two groups by increasing values for their
specific gravities. A1l but three of the top group of chemicals can be carried
by present flexible containers. These three chemicals can be carried by adding
flotation and using stronger fabric of the same materials for improved container
designs. The other larger group of chemicals require container designs that use
new materials. The last portion of chemicals in this group require container de-
signs that have flotation systems and stronger fabrics of the new materials. The
structural requirements become more severe as the specific gravity values of the
chemicals increase.

}« The approach used to conduct the program is presented in Figure 2. Task
1 was the largest task, and the results are presented in Section II-A through F.
Task 2 is a comparative analysis of the viable container concepts, and the re-
sults are presented in Section II-G and H. Task 3 studied other than completely
flexible container concepts, and the results are presented in Section II-I.




STVIIWIHI SNOQUVZVH

JHL 404 SINIWIYINDIY N9IS3IA HINIVINOD--L 3dNn9ld

6°L - 1671 wnatg
sse|y/uoiiay o 268" 1 p1oy dtaoydsoyqd
soLaqey yibuauis (%86) ¥8°1L (93n{1g) pioy otanyd(ng
AN (°ou0d) pLoy dt43LN
paseaJddu] uo|ja]/uo}Lp @ £62°1 apL4o(yoLqg auaAyl3
6l L PLOY I140{Y204pAH
pue 80°1 ap 14pAyuy 21332y
snid Uo(AN/WQd3 ® 860°1 {ouayd
uotjeljold 160°1 PL3Y 21392y
L0°l - £0°1 S[0sad)
493153k 0d/1AIng ® 10°1 Loua Ay
956°0 e Aay [Aylay
$€6°0 3310330y [AuLp
UOLAN/3LL43LN UBLH o €260 ajetAuy (Ay13
9060 auaufls
206°0 33e332y {AY3]
s|eiadjel MoN 668°0 (-be 282) eluouwy
88°0
198°0 ‘y98°0 o‘d‘w auatAy
aJ1nbay sublsag 6/8°0 auazuayg
(98°0 suanioj
G/08°0 a| L43 LuoAudy
Jautejuo) 9080 auolay AY13 (AyIay
164°0 U039y
soL4qed4 yabusualg 6L ajeao0qoJon( 4 43ddo)
paseaJdou] pue snid (] (uoranios) epos dt3sne)
uoijeljol 4 (sotuqey G0°L - £60° ajeuayjydey 4addo)
UuoLAN 98" aujuadun)
/3L LA LN g - L S|an4 uoqueI04pAH
wn Lpay) 6L’ LOyod|y LAYI3W
subLsag 6L’ Loyodly 14433
Jauejuo) 68" Loyod |y LAdoados]
Juasadd 6Ll auexayo | 349
Aq 18K 659" auexay
SJuUdWAALND3Y ub1S3aQg A3uLRIUO) A3iAeay 122 1wly)
J14199d§ snop.ezey

L il Akl




HOYO¥ddY ANV 3d0JS WvY¥90dd--Z 3¥n9I4

Uo [ Jeuaumndog
pue s3uiawiq ‘suojier]jyoadg (euyy
uojIen[eayg pue 1ua] alLjozoiqg

3daruo) uoyIeneAy e2)00)
JO SSIUIAFIDNIIIY BAIW(IY , puw 3183y, 8dA3vi01daag ‘ulyeaq 1IvIag UOTIINPOI4 DIEAPITY [WUOYIVIAdQ
1dacuo) uo uotrIswmiojul | uoyIEeNTeAl 9390) 1uwdolaA9g w23Iedg [¥IOf
J9ugpivo) jo uojidjadsag puw 18] 13poy ‘uBpe3g Lasujwpyalg AR} JUIWiOTIAIG ¥ [PITUYIRY :
8160) pur 82 [Npayds uojIwneaz 31dadu0) \
‘yovoiddy Jvawdolaaag pat§vIad
s3dad>u0) 13ujwIUO) 81d30U0) JIFUFBIVC) F[QEIA
313410 jo Apmis -- { %SEL Jo F)Rk{Ruy Aajivavden) —- 7 yew)
_r si1dasno) areprpue) jo raleiueapewiq _

puw safejurapy jo uoyidjidsaq
)|

1 |

[90D JUIMIJWIVO) [vOIEIY) 1Y 00T
Ijwy1 3)waq Buyeswaaong 33 01 » )vag
A371198dE) Buppvol 01 10114 9 AliefIgul Jvory
TuIJ¥F1 Q1 000°0Z WA Ao1dag ofiseg Bujpivoly w uvo (114, 9 %ap gtfo01- 2V
sawjy dn-1ag siauiwiuod ajdjiine pus 9 SIp Qm\N. 123vn !dwe] sjqeIsy
11y atfuig - Livriqrivdwe) jwogway) ®ANOY 9 Uy 11 ©) Apway
-JO-219]5 WEIS puw [IF U} R3JUBAPY wanbjuydal 1vswhoidag a[qyerogd £3313qedwd 3311 41 0001 Yitm pakoidaq
sUO3IJpUC) K1TTIqQEATAINS 8,1 128837 2gn 6 1op (33 97>9%8) 1) nd> ggz1 > (0A palwypieg
senjop 10 WB1ap panded Bujserssuy PA1TT] A11e)330d ajym AajImaado | 8qt 000°ST1 > IuBjop paseypoey | =
A3F15QR19-0apA|| uo JuAWRIR(Y IDUTAOnNG | I2uILV0 uolfeR DOO'ST YIIA 0 WaYvey | SIAUA 35 71 YIIA 81 ( = (97 AOL
suwag § (3PN uo yowozddy asuvhong 61l = U QIIAa 22§ wmwjxey #9AUA 1] € YIIA 81 O = 12A ROL
03yFay aamp pus [AA AOL 9°[ 0) ¢°'1 Wo2j xvw f IINpay 6'l = J § suof(es 000 ‘ST = swn[op
3augeiuvo) Bujdojaaaq jo CPTEI sjuamaaynbay
L1111q19way uo saniwp Juau@aynb ~22ynhay 1°¢ o) s8aBumy) dyj1d9ds Yy {euojiwradg pue [wIjUYIL {°( 02
-3y [°C uj suopliegiwp Jo ID2))3 1aujviuoy Supdoaanag jo LIT1IQisedy 1eujwive) Sujdotaaag 3o K1j(1qreeay
! m J
1ay-jp-2IPI1g siudwaznbay (eivawunsjauy

siuamrignbay [vanionelg
sivamasynbay £3111199IS
s3uawn 1 nhay 9oUSMIN] 14
sluswmaynbay uwogieroys

rIuawasynbay 11vaq

sjuawazinhay pynbyq Bujpeojun ¢ Ngproe|
s3uawdajnbay juamkoidaq ¢ Bugp[pury
sluawd 1 nboy [woTweY)

Sujiapiauc) Juswmio(aAa( 31, jJo L11(3qIevag Iyl
pus 83daduo) uB)eng J2UWIVO) FIVPIPUE) Ys) [yriel -- | Rew]

I T S



SECTION II--STUDY RESULTS

A. General Characteristics of Containers

1. Conceptual Design Approaches Considered

Three conceptual design approaches were selected to determine the char-
acteristics of the resulting chemical containers for comparison and evaluation.
Approach 1 retained as many as possible of the operational features for pre-
sent flexible containers that are designed for fluids with specific gravities
of one or less. Separate flotation devices were added to provide adequata buoy-
ancy.

Approach 2 evolved from investigating containers with common chemical
and buoyancy chambers within the container's structure. More than one chamber
is required since the chemical can flow to one end causing each chamber to ro-
tate toward a spar buoy attitude. Methods to fill the many chambers of Approach
2 with a common hose or from a common point were investigated to retain as many
as possible of the desirable operational features of present flexible containers.

The third conceptual design approach investigated consists of segmented
containers that have chemical and buoyancy provisions within each segment. The
segments are filled either separately using one hose or in multiples using sev-
eral hoses.

The factors considered in selecting the three conceptual design approaches
include operational factors, performance factors, and sizing requirements which
are discussed in this subsection. Preliminary configurations resulting from the
three approaches are presented in Figure 3.

a. Operational Factors

Some of the operational factors considered for investigating the different
container design concepts include:

1. The efforts required to train personnel and equipment needed for
transporting, using, maintaining, refurbishing (including repacking), and storing
each system concept.
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2. The efforts and equipment required to deploy each system concept
for it to be ready to receive chemicals.

3. The efforts and equipment required to fill and provide buoyancy
for each system and the relative degree that personnel are exposed to any of
the chemicals.

4. The force required to tow the system at 10 kts and the efforts re-
quired to develop a stable system.

5. The efforts and equipment required to discharge each system and
the relative degree that personnel are exposed to any of the chemicals.

6. The efforts required to retrieve the container after use.

.7. The efforts required to refurbish the container after use including
any equipment for repacking.

b. Performance Factors

Some of the performance factors considered for investigating the dif-
ferent container design concepts included:

1. The draft of the system with chemicals having specific gravities
greater than one.

2. The volume of chemicals with specific gravities of more or less
than 1.9 that can be contained by a system designed for 25,000 gallons of chemi-
cals with a specific gravity of 1.9.

3. The tensile and seam strengths required of the fabrics.

4. The tear strengths required of the fabrics.

5. System weights.

6. System packed volumes.

¢. Costs and Technical Risks

Some of the cost and technical risk factors considered for investigating
the different concepts included:
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1. The materials chosen for the system components.
2. The methods for constructing the systems.

2. Initial Sizing and Geometry of the Systems

A review of available information indicates that a cylindrical container
with a shaped nose and a tail section with a fence for even separation of the
flow is one candidate geometry, References 3, 4, and 5. The information in
Reference 5 also indicates that the length (1) of the container should be from
23 to 25 times its diameter (D) to limit the amount of increase in drag per unit
cross-sectional area of the container with increasing towing speeds, Figure 4.
The nominal dimensions of the containers can be calculated by selecting a fine-
ness ratio of 23 to 25, a fullness ratio of .85, and total volumes of either
25,000 gallons for containers with separate buoyancy chambers or
50,000 gallons for containers with integral buoyancy chambers. Container dia-
meters versus container lengths and fineness ratios (1/D) for these two types
of containers are presented in Figure 5. The nominal diameter of a container
with a separate buoyancy chamber(s) is 6 feet,and the nominal diameter of a con-
tainer with an integral buoyancy chamber{s) is 7.5 feet for fineness ratios of
approximately 24.

The fullness ratio values were then calculated for the container cross-
section when filled with chemicals with specific gravities from 1 to 1.9 for com-
parison with the assumed fullness ratio value of 0.85. The top of the container
was assumed to be 3.25 feet under water, and the pressure in the container at
that point was assumed to be 6.5 feet of water. The resulting cross-sectional
shapes are presented in Figure 6. All shapes have a fullness ratio value greater
than 0.85.

Towing drag forces were estimated considering the data presented in
References 3, 4, and 5 for single cylindrical containers. The data presented in
Reference 3 used the wetted area of the container as the reference for calculat-
ing the drag coefficient values. The values were presented versus the values of
the parameter, Velocity, knots, Tlength , feet (the modified Froude number
ar Taylor quotient). These data and the data presented in References 4 and 5 were
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FIGURE 5--CONTAINER DIAMETER VERSUS LENGTHS AND FINENESS RATIOS
FOR 25,000 AND 50,000 GALLON CONTAINERS
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used to calculate the values of drag coefficients based on each container's maxi-

mum cross-sectional area (including any fence projection). The resulting values
are presented versus towing velocity in Figure 7. The test results for the sta-
bilized nine-inch D and K models, Reference 3, and for the 1/2 scale ADAPTS con-
tainer, Reference 4, have some correlation between the peak load values, especially
at 4-6 knots.

The values from Reference 5,being average values, are less than the peak
values presented from References 3 and 4. The relationship between peak and av-
erage towing forces can be established from the towing force versus time curves
presented in Reference 3. The results indicate that peak towing forces are ap-
proximately 1.5 times the average force. Average force is normally used for
calculating towing power requirements. Considering this relationship, the peak
towing force values for the Reference 5 data were calculated using a factor of
1.5 times the presented average force values. The results then can be compared
with the other data from References 3 and 4. Correlation between the values from
all three references then becomes more reasonable at the greater towing velocities,
Figure 7. Based on the values presented, a peak drag coefficient value of 0.765
was selected for cylindrical containers operating at 10 knots.

3. Structural Requirements

The structural requirements are based on a dynamic amplification factor
in conjunction with a design factor.

a. Dynamic Amplification Factor

When the container is subjected to wave action or is being towed in a
seaway, the fluid inside the container is set into motion. The dynamic ampli-
fication factor is a measure of the pressures that the fabric must resist in
containing the fluid under these conditions. In Reference 3, the pressures are i
related directly to the wave height with the observation that the dynamic pres-
sures seldom exceed twice the static pressure due to the height of the wave. !
In Reference 6, a dynamic amplification factor of 3.5 is suggested for the ADAPTS
container for towing velocities greater than five knots. This is denoted by the
symbol =« in the equation of Figure 8. The value comes from Figure 9 where p

max
= 5.2 psi.
12
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Pq = Pressure due to dynamics,
psi

p = density of contained 1i-
quid, 1b/ft3
« = dynamic amplification
factor
hw = wave height, feet

l-t—————— WAVE PERIOD 4-‘

FIGURE 8--DYANAMIC AMPLIFICATION FACTOR CEFINITION
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It is expected that the dynamic amplification factor depends upon a
number of operational and design variables such as:

Operational Design
Sea State Container Shape and Size
Specific Gravity of Fabric Elongation

Contained Fluid
Fi1l Fraction
Towing Speed

Available information does not indicate how the dynamic amplification
factor might change with these variables. The mechanism for generating these
surge pressures seems to begin with the high pressures acting on thenose of the
container as it starts through a wave. This high pressure squeezes the fluid
in the container and starts a surge wave traveling down the length of the con-

f ; tainer. When the surge wave reaches the aft end of the container, it must be
| stopped, thereby generating large pressures across the fabric.

To the extent that the phenomenon resembles an acoustic wave, a dynamic
amplification factor of two would represent complete reflection of the surge
wave, a worst case condition for acoustic type waves except in a resonance con-
dition.

The maximum Timit internal surge pressure is expressed as a fraction of
wave height and dynamic amplification factor in Reference 3 as:

Ap = = pH

Where:

Ap = maximum differential surge pressure
Y « = dynamic amplification factor

p = density of contained liquid

H = wave height

T
L ane e —

The corresponding 1imit hoop stress at the aft end of the container is
simply:
‘ g = pR
.l Where:
g = limit hoop stress
R = maximum radius at aft end of container

16
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The specified maximum wave heights are 5 feet during 10 knot tow and
12 feet with zero tow velocity. Based on References 6 and 3, the corresponding
amplification factors are 3.5 and 2, respectively. The latter case governs
since 2 x 12 > 3.5 x 5. The stresses and fabric strength requirements are based
on a 1imit internal surge pressure of:

ap = 2 x 12 p = 24 p psf.

The corresponding maximum allowable wave height for which the container may be
towed faster than 5 knots is:

hy = (§2—5> (12) = 6.9 ft.

b. Design Factors

Design factors must be applied to the calculated maximum limit loads and
stresses in order to specify the ultimate room temperature, quick-break tensile
strength requirements for the textile components of the container system. A
composite design factor includes material strength degradations based on the de-
sired operational environments along with overload factors and a basic factor of
safety. The values selected are for elastomer-coated, woven nylon cloth and are
considered representative of the material to be used.

The composite design factor is defined as:

p.p. = {1Lte)Fs. (1)

Jecuta
Where:
D.F. = composite design factor
1 + ¢ = factor to account for stretch of the

nominal dimensions at the working
strain, e~in/in.

F.S. = basic design factor of safety
J = joint or seam efficiency, percent

e = strength retention for salt water and
chemical action, percent

€ = creep rupture, percent

u = strength retention for ultraviolet
exposure, percent

t = strength at operating temperature, percent
= strength retention for abrasion, percent

17
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Factor of Safety (F.S.)

This is the ratio of the failure load or stress to the imposed load or
stress. It is required as a safeguard against possible increases in the design
loads and stress producing factors. The selected value for this application is:

F.S. = 1.5 (2)

Stretch Factor (1 + €)

For convenience, the stresses are calculated based on the nominal dimen-
sions of the container. Allowance for increased stresses due to the significant
elongation of the nylon fabric and increases in container size is made by taking
a conservative value of strain, e , at the maximum limit stress level. The
stress-strain properties are different in the warp and fill directions and each
is nonlinear having the typical S-shape curves for nylon. Test results of can-
didate fabrics are used when available, otherwise the typical curve of Figure 10
is used. At a maximum limit stress of 25 percent of ultimate strength, a strain
of 11 percent is indicated. Thus:

1+e=1.1 (3)

Joint Efficiency (j)

The strength of the longitudinal seams and joints at the openings, such
as the bead attachment at the tow connection, from past experience has proven to
be at least 90 percent efficient. Where sewing is used as a backup for bonded
seams, the sewing also provides a 90 percent efficient joint. Hence:

j =0.90 (4)

Effect of Salt Water Immersion and Chemical Action (e)

GAC test data are available for determining strength degradation of coated fab-
rics when tested after 7, 14, and 30 days of immersion in a 3 percent by weight

18
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solution of NaCl in distilled water. Data for some typical high tensile strength,
basket weave nylon fabric tested are shown in Table I.

TABLE 1--EFFECT OF SALT WATER IMMERSION ON THE TENSILE
STRENGTH GF COATED NYLON FABRIC

Salt Water Tensile
Strength (1bs/in)

et d o L e 4

Baseline Tensile After After After {
Goodyear Strength (1bs/in) 7 Days 14 Days 30 Days ;
E Code Warp Fill Warp Fill Warp Fill Warp Fill
XA28A495-22 1085 97 958 786 874 749 865 744
[ XA28A496-23 1033 965 841 894 816 9N 821 817
; XA28A495-24 1084 1034 958 786 874 749 865 744
, XA28A497-25 1039 588 894 494 885 521 856 536
x
;, Based on the above table, the salt water strength retention factor is:
3 e =0.75 (5)

] Simiiar data will be used to determinee due to fuel and chemical containment.

Creep Rupture (c)

One of the principal structural design requirements for the Goodyear
Airships is the ability of the fabric to sustain long-term pressure stresses.
Considerable creep rupture data have been generated to confirm service life
in excess of five years. A preliminary design relationship for coated nylon
fabric taken from this data base is given by:

¢ =0.73 - 0.0652 log t (t~days)

Consider a life of five years with eight, 2-week missions per year. This gives
a total of 560 days. However, the time during which the maximum design sea
state will occur is much less. For design purposes it was assumed that this

. maximum stress will be applied only over 10 percent of the time of the total,
_j i.e., 56 days. Therefore:

¢ =0.73 = 0.0652 Tog 56 = 0.62 (6)

20
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Ultraviolet Exposure (u) and Abrasion (a)

No degradation of the strength of the coated fabric was applied for
these factors since the coating must be adequate to preclude exposure of the
cloth yarns to both sunlight and surface abrasion. Therefore:

Strength at Operating Temperature (t)

Fabric temperatures greater than 100°F during operational sea state
conditions are not possible. Therefore:

t=1 (8)

The composite design factor is given by substituting the values of equations (2)
through (8) into equation (1):

) 1.11)(1.5)
0.F. ‘r—‘§'(_§(—LSo.9 9.75)00.62) = ¢

c. Fabric Strength Requirements

The calculation of the room-temperature, quick-break tensile strength
values (Ftu) of the fabric for the container in waves 12 feet high is based on:

Ftu = DF =p HR

Where:
DF = The composite Design Factor

- 4

The dynamic Amplification 2

Factor

o = The density of the fluid = ,036111(Sp. Gr.)
1bs/cu in.
H = Wave height = 144 inches
R = Maximum radius of container, inches
Substituting:
Ftu =4 x 2 x .036111 Sp. Gr.)x 144 x R

41.6 (Sp. Gr) x R, 1bs/in. or
20.8 Sp. GrJ) x D, 1bs/in.

21
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For the range of interest, the container diameters are 6 to 8.5 feet,
and chemical specific gravities are 1.0 to 1.9. The minimum and maximum Ftu
values are as follows:

F u Min

t 20.8 x 1.0 x 72 = 1,498 1bs/ in.

F, Max

tu 20.8 x 1.9 x 102 = 4,031 1bs/in.

The values for the range of container diameters and specific gravities
are presented in Figure 11.

The selection of fabric must consider not only its ultimate strength
but also its tear strength. Fuel tank fabrics are woven considering both capa-
bilities to be important. Weaves have been developed to improve the tear
strengths to several times that for the same tensile strength, square woven fa-
bric where individual ends are woven over perpendicular single ends. One family
of weaves used is the basket weave where two or four ends are woven at a time
over two or four perpendicular ends. Tear strength is improved because the groups
of two or four basket weave ends tend to slide together during tear and must be
broken as a unit as compared to breaking single ends during tear of square woven
fabric. Other approaches include selecting larger yarns for weaving the cloth
or double weaving the cioth.

The actual selection of the weave of the cloth for good tensile and tear
properties will be part of a preliminary design effort for developing efficient

seams considering both seam tensile strength and the tear strength of the result-
ing fabric.

22
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4. Seam Strength State-of-the-Art

The principal design goal for seams is to maximize the performance of

a seam for a particular application. A coated fabric is chosen that meets

the requirements of the application, and the seams are normally designed to

be as strong as the fabric to utilize its strength. With lightweight

fabrics, seams are readily attainable that equal the fabric strength. With
the use of very highstrengthfabrics, a design problem arises; that is, can
a seam be built to equal the fabric's load carrying ability?

The lap seam illustrated below is the most widely used seam.

For
most applications

it develops sufficient strength and it is easy to build.
It is made by lapping the two pieces of fabric, using an adhesive, and vul-

canizing the pieces together. The seam transfers the load from one fabric to
the other by the shear strength of the elastomer between the fabrics.

pe— L ——]

Fabric No. 1

Length of Lap

The shorter the lap, or the Jess elastomer in shear, the less the seam

strength will be. However, the converse of this is not true. There is

a definite length of lap for which the seam will carry the maximum loads.

Any lap length beyond this will not add to the load carrying capabilities

of the seam. This is because the elastomer tries to take most of the load

at the ends of the laps; and consequently, this is where the maximum shear

stresses and resultant elongations occur. When the elastomer can no longer

take the forces in these regions, the seam will fail. It doesn't matter

how far apart the ends of the laps are placed; they still try to carry most
of the load. (See the sketch on the next page.)
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Inherent in the design of a lap seam is the fact that the two

fabrics to be seamed are not in the same plane, in the immediate area

of the seam. When the lap seam is loaded, a couple is formed causing

the seam to rotate about its center. The seam bends until static equi-

Tibrium is reached. This bending creates tensile forces in the elastomer

tending to peel the seam apart. The tendency to peel is the main cause

of present lap seam failure because the ability for lap seams to resist

the tensile forces is much less than their ability to resist shear loads.
Peeling can be counteracted by adding a reinforcing tape layer over

each edge of the lap seam to eliminate the couple. The added layers can

also spread the load acting somewhat like a multiple ply lap.

e T e~ o L %wm
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Fabric No.

Fabric No.?

Reinforcing Fabric

The best sea to use with multiple ply fabric is by stepping off
the plies and making a series of lap seams with each ply (see sketch on
the next page). Because these seams are stepped off, they are usually
wider and more difficult to make than simple lap seams. They can be made
very strong, depending on the number of plies and the length of the steps.
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Fabric No. 5-8
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Length of Seam

Rubberized fabric containers are generally constructed by bonding the
panels of rubberized fabric together with adhesives. One function of using
an adhesive seam, as contrasted to a sewn seam, is to prevent leakage of air
or liquid from the container. In addition to providing an air or liquid-
tight seam, the adhesive seam can provide structural integrity for the con-
tainer by transmitting loads between the panels. As the strength of the
fabric and severity of the environment are increased, the type of seams used

changes from room temperature vulcanized (RTV) to heat vulcanized, to heat
vulcanized and sewn.




An example of a low fabric strength container with RTV seams would
be an inflatable life raft. Typically, life raft fabric has a strength
of 200 to 300 1bs/in. The RTV adhesive consists of compounded elastomer
dissolved in solvents to which is added a chemical which promotes a cer-
tain amount of vulcanization of the elastomer at room temperature. While
no hard and fast limit can be placed on the load bearing capabilities of
RTV seams, industry experience relegates their use to low loads and envi-
ronments free of fuels and chemicals which attack or swell the elastomer.

Rubberized fabric containers for fuel with volumes of up to 100,000
gallons are typically made with heat vulcanized seaming. This means that
the adhesive joint is cured by the application of heat (240°F to 320°F)
and pressure (30 psi to 200 psi). Rubberized fabric fuel containers are
typically made from fabrics having quick break strength of 400 to 600 1bs/
inch. The seams between fabric panels must develop the strength of the
fabric when immersed in fuel. Heat vulcanized seams have this capability.
It should be noted that one customer of such tanks, the U. S. Marine Corps,
requires that most of the seams on its tanks be vulcanized and sewn. The
value of 600 Tbs/inch does not represent the ultimate strength obtainable
in a heat vulcanized, unsewn seam. However, somewhere between 600 and 1,000
1bs/inch, depending on the fabric construction and the environment, the
utility of heat vulcanized, unsewn seams disappears; and sewing is added
to make seams sufficiently strong enough to develop the strength of the
fabric.

Goodyear Aerospace Corporation has been involved in fabricating in-
flatables that require high-strength, sewn seams. One of the early programs
(1964) was the design and development of the Holloman Sled Decelerator. The
decelerator was a Ballute configuration incorporating 1,040 1bs/inch nylon
fabric. Through a series of seam development tests, an average seam strength
of 928 1bs/inch was attained,which corresponds to a sewn seam efficiency of
89 percent. The seam design for the Holloman decelerator was as shown on the
next page. '
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A more recent development of a high-strength sewn seam involved the
Early Stabilization System for the B-1 Escape Module. The fabric compo-
§( nents of the Early Stabilization System were fabricated from Kevliar cloth
1 having an ultimate strength of 5,300 x 3,200 1bs/inch (Reference 7). An
' 80 percent efficient seam was developed for this fabric using a somewhat
unconventional design. The seam configuration is depicted below:
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Under a subcontract to Rohr Industries, Inc., Goodyear Aerospace
Corporation conducted a test program to evaluate high-strength materials
and seams after exposure to various environments for potential use on a
2,000 ton surface effect ship (Reference 8). Although no attempt was
made to optimize the sewn seam, a seam strength of approximately 1,600
1bs/inch was obtained which represented a seam efficiency of about 53
percent. The seam is shown below and as can be seen, it is a very sim-
‘ ple seam and can be made stronger with some modifications.
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Goodyear Aerospace Corporation has considerable experience in de-
signing seams for webbings and ribbons which can be applied to the haz-
ardous material container. For example, a 15,000 1b. webbing (1 1/8
inches wide) was used on the Viking Decelerator System as a bridle. Each
bridle leg consisted of four plies of webbing which was obtained by making

a continuous double wrap and incorporating one splice as shown below
(Reference 9).
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The ADDPEP Ballute configuration, designed and built by Goodyear
Aerospace Corporation, incorporated Nomex webbing. One of the seam de-
signs developed on ADDPEP (Reference 10 employed a “relief" area as
shown below to aid in distributing the load and improving the efficiency.
This design resulted in a seam efficiency of 97 percent.

2.25 .o 2.25
NOMEX SEWING THREA®
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Although high-strength, sewn seams as required for hazardous mate-
rial containers are within the present state-of-the-art, developmental
testing of samples is required to attain the designs for these strengths.
The seam strength for a given design will vary with different fabric
weaves. The starting point in designing a seam begins with the seam
strength required. Then, knowing the sewing thread strength available,
the number of rows of sewing and stitches per inch necessary to attain
the required strength can be established. Other variables include: type
of seams, e, simple lap versus felled seams, the spacing between rows of
sewing and the type of stitch such as straight versus zig-zag stitch.
Normally a seam which is theoretically capable of meeting the strength
requirement is designed and seam specimens are fabricated and tensile
tested. Visual observation of the testing is critical since the way in
which the seam fails can indicate what adjustments should be made to im-
prove its efficiency. To obtain the strength required for the hazardous
material container, it may be necessary to employ a high-modulus, high-
strength thread (such as Kevlar) for the center rows of sewing and a lower-
modulus thread (nylon or polyester) for the outer rows of sewing to better
distribute the load and improve the seam efficiency. It is certain that
the final seam design will be the result of an iterative process of testing
sample seams.

5. Construction State-of-the-Art

Structural chemical containers can be fabricated with state-of-the-art
techniques using cured fabric, uncured fabric, or filaments wound onto un-
cured gum.
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when woven cured fabric is used, flat panels can be cut and joined
to form the final shape. The panels are joined using 1ap seams sewn to-
gether, adding uncured gum to both sides, and curing the gum using heat
and pressure. Normally, this can be accomplished using a press with
heated plattens or placing the total system in an autoclave (a heated
pressure vessel). When uncured woven fabric is used, the panels are
lapped and joined by sewing them together, adding uncured gum to both
sides, and curing the fabric and the gum in an autoclave. The selection
of woven fabric allows the use of flat patterns joined together instead
of requiring a male mold of the container (mandrel) for constructing the
system. Curing systems made of woven fabric joined together can also be
accomplished without the use of a mandrel. A typical approach is to roll
the fabric system onto a large drum and cure it in an autoclave.

When uncured cord fabric is used, it is applied one ply at a time
at a given angle onto a mandrel. The proper wrap angles are selected to
carry the pressure and drag loads. Each ply consists of cords in gum with
the cords running in only one direction. The cords are positioned along
side each other covering the total mandrel surface. The only seams within
a ply are at the laps where individual strips of ccrd fabric begin and end.
The laps can be staggered for efficiency since the widths and the starting
point of each cord fabric strip can be adjusted while forming a ply. The
next ply of cord fabric is applied over and across the prior ply at the
opposite sign wrap angle. With this construction seam lines are eliminated,
and the required fabric strengths can be created by choosing the proper cord
fabrics. A typical approach for curing the system is to cover its mandrel
with a vacuum bianket and use an autoclave.

When filaments are used, they are wound onto uncured gum covering
a mandrel. Specific wrap angle and patterns are associated with selected
filament-wound shapes. The filaments are essentially continuous and run
to fittings incorporated in each end of the container segments. When a
cylindrical portion is added to the central portion of a filament-wound
shape, additional wraps in the hoop direction are added to carry the greater
hoop loads. Seams are eliminated with this construction approach, and the
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required fabric strengths can be created by selecting the proper filament
size, spacing, and number of wraps. A typical approach for curing the
system is covering it on its mandrel with a vacuum blanket and using an
autoclave.

Liner materials are normally cured fabrics. The construction tech-
nique for the liner is to cut flat patterns and join the patterns together
using techniques compatible witih the materials and the chemicals. Some
liner materials can be joined together using cemented lap seams and curing
the cemented seams using heat and pressure techniques similar to those used
for the structural fabrics. Other liner materials are joined together in
lap seams by fusing the coating of the materials together using heat and
pressure techniques that require demonstration of the state-of-the-art.
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Compatibility of Candidate Materjals with the Hazardous Chemicals on the
U.S. Coast Guard List

The compatibility of potential fabric materials for containers with the
hazardous chemicals listed by the Coast Guard was investigated by reviewing
available data. The effects of these chemicals on Goodyear's in-line tank
and diaphragm fabrics were organized into a matrix which is shown as Table 2.

An Nratingis no, a Y rating is yes, a PN rating is a probable no, and a PY
rating is a probable yes. The ratings are based not only on the sujtability

of the coating compound and cloth, but on the coating to cloth adhesive system
and the availability of systems for seaming. The fabrics are rated yes or no
where Goodyear has specific knowledge and experience with the fabric and chemi-
cal. The probable yes and no ratings are based on experience with similar
chemicals,

Several of the materials on the Coast Guard list are strong acid oxidizing
agents [ie, oleum, nitric acid (conc)]. None of the Goodyear fabrics are suit-
able for service with chemicals in this class. The fabric coatings having po-
tential for handling these chemicals are fluorocarbons. The most likely
fluorocarbon fabric coatings are Viton elastomer and Teflon thermoplastic--both
products of E. I. DuPont DeNemours and Company (Inc.). These materials are
sold in bulk or in the form of finished coated fabrics.

The information in Table 3 shows the effect of the various chemicals on
the Coast Guard list on fluorocarbon coated fabrics produced by the Fabrics and
Finishes Department of DuPont as reported by DuPont. The Viton coated fabrics
are used primarily in applications where load bearing seams are avoided, so there
is little background to evaluate their suitability for large flexible containers.
There is enough background on these fabrics to consider them for use as liners
for flexible containers constructed from other fabrics which are known to be suit-
able from the structural standpoint. Viton coated fabrics are available from
DuPont where the cloth is Teflon or glass. The Teflon is very low in strength and
the glass is subject to mechanical damage by folding and flexing during packaging.
Viton fabric with these two cloths are judged to be suitable candidates for liners

only on the basis of the cloth characteristics, regardless of seaming considerations.
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The Teflon-glass coated fabrics produced by DuPont under the trade name
Armalon are used primarily as release sheets where high temperatures are in-
volved or where sticky products are handled. The materials can be seamed by
heating to 700°F. There is no background on the use of these fabrics as con-
tainers for liquid chemicals (ie, will the seam leak). On a theoretical basis
they would be candidates to investigate as liners used with tanks constructed
of other materials.

One DuPont fabric listed is a combination of Teflon, Viton, and Nomex.

This material is probably not useful as a primary tank fabric due to its weight.

The information in Table 2 for Goodyear produced tank, seal, and diaphragm
fabrics was reviewed to arrive at a recommendation of fabrics for transporting
the greatest number of chemicals in the fewest containers. The results of this
review are given in Table 4. The totals indicate that four to 14 chemicals can
be carried by a container made of one of the Goodyear fabrics. When the Y + PY
ratings are considered, the number of chemicals a single container can carry is
from four to a probable 17.

The number of chemicals that can be carried using separate containers, each
made from one of the eight different Goodyear fabrics, was then determined. The
results are presented in the right hand columns based on Y and Y + PY ratings,
respectively. The results indicate that the maximum number of chemicals that
can be carried using eight different containers is 24 chemicals considering only
Y ratings and 30 chemicals considering Y + PY ratings.

The number of chemicals that can be carried using only two containers, each
made of a different Goodyear fabric, was then determined. The best selection is
to use one container made of nitrile rubber (high acrylonitrile content) nylon
cloth fabric, and one container made of butyl rubber polyester cloth fabric. By

choosing the proper container, 22 of the chemicals can be contained using Goodyear

fabrics with Y ratings or 29 chemicals can probably be contained using Goodyear
fabrics with Y and PY ratings. The chemicals not accommodated include: nitric
acid (conc.),oleum, styrene, acrylonitrile, and ammonia (28% aq.). The first four
of these five chemicals cannot be accommodated by any of the fabrics listed in
Table 4.
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The latter chemical, ammonia (28% aq.) requires a third container made from
EPOM nylon cloth fabric. Since this is the only chemical which cannot be car-
ried by using the other two containers, further compatibility testing should be
done between this chemical and the fabrics of the other two containers. Nitrile
rubber is rated from unsatisfactory to fair with ammonium hydroxide in most trade
literature. However, limited hard data exists as to its effect on the high acryo-
nitrile nitrile rubbers which may have satisfactory resistance. Ammonia (28% aq.)
can be handled by butyl rubber, but there is a reluctance to recommend a butyl-
polyester tank due to the loss in tensile strength of polyester cloth when im-
mersed in alkaline solutions. However,ammonia (28% aq.) is not as strongly alka-
line as a material, such as sodium hydroxide is and on which there are more data.
Further considering the use of a Teflon liner, a limited exposure period, and
the fact that aqueousammonia will evaporate may make feasible the use of a butyl
polyester tank with a Teflon liner forammonia (28% aq.).

Considering the first three fabrics listed in Table 5 in the same manner
results in Y ratings for 23 chemicals and Y + PY ratings for 24 chemicals using
one container made from any one of the first three fabrics. Having containers
made from each of the fabrics doesn't increase the number of chemicals that can
be carried because all three fabrics have no (N) ratings for the same chemicals.

The ratings for the last two fabrics indicate they can contair all 34 chemi-
cals. However, seaming techniques for containing liquid chemicals using these
fabrics in a flexible container may require development.

Combinations of two different materials to make single containers were then
considered; ie, a tank structure of one material and a liner of another material.
One combination will be a butyl polyester fabric from Table 4 for the container's
structure with a Viton Teflon cloth fabric from Table 5 for the liner. If the
Viton Teflon cloth fabric liner is removable or considered expendable with some
chemicals, then this combination has Y ratings for 29 chemicals and Y + PY rat-
ings for 32 chemicals. Other combinations using only the first three fabrics of
Table 5,and any of the fabrics from Table 4 result in a fewer number of chemicals
that can be carried by a single container. The Viton-coated 1iner will be dam-
aged by some of the materials that the butyl polyester cloth fabric can contain

by itself. The chemicals that will damage the Viton .coated liner but not the buty!
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include: acetic acid, acetic anhydride, acetone, methyl ethyl ketone, and vinyl
acetate. Thus, the liner will have to be removed,or it will have to be considered
expendable. The cost of a Viton coated liner may rule out the latter approach.

When the last two fabrics of Table 5 are considered for use as a liner, then
the container made from the butyl polyester fabric listed in Table 4 can be up-
graded to carry strong acids. The butyl polyester fabric itself cannot withstand
continuous immersion in nitric acid (conc.) and oleum, which are both acid oxi-
dizing agents. The use of a Teflon fabric liner can reduce to an acceptable
amount theexposure of the butyl polyester cloth fabric container to these
acids. Exposure is considered to be associated with spills during filling or
discharge and minor pinholes in the liner. It will not be necessary to remove
the Teflon fabric liner because it is resistant to all chemicals.

A candidate combination is a Teflon cloth fabric liner within a butyl poly-
ester cloth fabric container. It is not known how suitable a Teflon glass cloth
fabric will be for styrene and acrylonitrile; however, it is probably as good as
any other combination.

Teflon resists all the chemicals on the Coast Guard list, but the butyl
polyester tank with the Teflon glass lining can be used only for chemicals for
which the butyl polyester structural envelope has a considerable degree of resis-
tance. The assumption is that extericr spills or minor seepage through the inner
Teflon liner might cause some of the chemical to contact the butyl polyester tank.

From this chemical compatibility analysis, the candidate container materials
for individual containers are presented in Table 6.

TABLE 6--NUMBER OF CHEMICALS PROBABLY CARRIED
BY INDIVIDUAL CONTAINERS AND COMBINATIONS OF CONTAINERS

Probable No. of Chemicals
Carried by Individual Container &
Container Materials by Combination of Containers
a. Nitrile (H)--Nylon 17 (a +b)
b. Butyl--Polyester 17 29 |(@a*b+c)
c. EPDM--Nylon 12 30
Container and Liner Materials By Combination of Containers
d. Nitrile (H)--Nylon (d + e) 34
e. Butyl-Polyester with Teflon-Glass Cloth Liner
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Note: A1l chemicals probably can becarriedwhen 1) a Nitrile Rubber (H) nylon
cloth fabric container is used for the aliphatic and aromatic hydrocarbons and for
the caustic (sodium hydroxide); and 2) a butyl polyester cloth fabric container is
upgraded by a Teflon-glass cloth fabric l1iner and is used for ketones and acids. If
the state-of-the-art is not sufficiently developed for fabricating a Teflon-glass
cloth fabric liner, then Viton Teflon cloth fabric can be considered as the backup
material for a liner.

The recommendations of having two containers, one constructed from nitrile rubber
(high acrylonitrile content) with nylon cloth and one constructed from butyl rubber
with polyester cloth and a flourocarbon fabric liner is based on state-of-the-art know-
ledge of currently produced coated fabrics and containers. [t must be recognized
that many of the chemicals on the list have never been transferred and stored in
rubberized fabric containers, and that a test program must be run to verify the suit-
ability of the recommended containers for these chemicals.
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C. Feasibility of Developing a Container to 3.1 Requirements

1. Investigation of Three Design Approaches for Candidate Design Concepts

The characteristics of containers that generally meet the technical require-
ments were further investigated to better define candidate design concepts rela-
tive to both the technical and the operational requirements.

TABLE 7--LIST OF 3.1 TECHNICAL AND OPERATIONAL REQUIREMENTS

The following list of requirements appli2sindefining and determining the
feasibility of various container concepts. The container shall:

1. Have a capacity of at least 25,000 gallons for liguid
chemicals weighing 1.9 times the weight of water.

2. Be towable fully loaded in seas with significant wave
heights of 5.0 feet at speeds relative to the water of
10 knots.

3. Survive, in any load condition, in seas with significant
wave heights of 12 feet (no towing conditions).

Have a packaged weight less than 15,000 pounds.

Be packageable in a space of less than 1,250 cubic feet,
nominally 8 feet by 6 feet by 26 feet.

6. Be deployable from a ship with less than 1,000-pound
1ifting capability.

7. Be ready to receive chemicals in less than four hours
after arrival at site.

8. Be usable in water temperatures between -2°C and 30°C
and in air temperatures between -10°C and 38°C.

9. Float when initially deployed and prior to loading of
chemicals.

10. Have a draft of less than 10 feet in the fully loaded
condition.

Variables affecting the operational factors, weights, number of chemicals
carried, technical risks, and cost were included in the investigation of the
design concepts. The variables chosen for investigating each of the three
different design approaches during Task 1 efforts included:

P WASAR R, - A
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Approach 1

1. Single fill/discharge point for the chemicals and single or twin fill
points for each separate buoyancy cylinder.

2. One, two, three, or four compartments for containing the chemicals.

3. Separate volumes for buoyancy--one cylinder or twin cylinders.

4. Two types of fabric for the structure.

5. Several possible fabrication techniques for constructing and curing
the fabric structure.

6. Two types of material for making a liner.

7. Possible fabrication techniques for constructing a liner.

8. Possible locations of foam Pads or strips for initial flotation and
attitude control.

9. Possible choices and Tocations of hoses, supporting hardware, towing
point, and stabilizing fence.

Approach 2

1. Single fill/discharge point for the chemicals to the multiple container
compartments, single or multiple fill/discharge points for the volumes of air
for buoyancy.

2. Multiple compartments for carrying the chemicals.

3. Integral chemical and buoyancy chambers.

4. Two types of fabric for the structure and consideration of hard struc-
ture for the bulkheads between compartments.

5. Several possible fabrication techniques for constructing and curing the
individual container compartments.

6. Two types of materials for making a liner.

7. Possible fabrication techniques for constructing a liner.

8. Possible locations of foam pads and devices for initial flotation and
attitude control for filling/discharging chemicals.

9. Possible choices and locations of hoses, compartment connections, sup-
porting hardware, towing point, and stabilizing fence.
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Approach 3

1. Multiple fill/discharge points and single fill/discharge points can be
provided for the chemicals to the multiple container segments--multiple
fill/discharge points for the volumes of air for buoyancy.

2. Multiple segments for carrying the chemicals.

3. Integral chemical and buoyancy segments.

4. Two types of fabric for the structure and a central cable for trans-

mitting towing loads.

5. Several possible fabrication techniques for constructing and curing

the container segments.

6. Two types of materials for making a liner.

7. Possible fabrication techniques for constructing a liner.

8. Possible locations of foam pads and devices for initial flotation

and attitude control for filling/discharging chemicals.

9. Possible choices and locations of hoses, segment connections, supporting

hardware, towing point, and stabilizing fence.

Initially, several internal membrane locations were investigated for integral
air chambers for all approaches. The internal membrane locations and related
factors are presented in Table 8.

In the first concept the membrane divider has sufficient fullness so it is
always in contact witi the liquid. Under this condition the operating pressure
of the air is transferred directly to the liquid, and the liquid pressure is always
equal or greater than the air pressure. Thus, if the container pitches, the 1li-
quid will flow toward the low point resulting in increasing liquid pressure; and
the 1iquid will displace the membrane toward the air at the lesser pressures al-
Towing more liquid to flow. Thus, the membrane serves no purpose in controlling
the flow of 1iquid toward one end during pitching of the container.

The second concept has a structural membrane forming a complete air cylinder
within the container to limit the flow of the chemicals during pitching of the
container in waves. To retain its shape when the container is pitching requires
the air pressure in the flotation cylinder to begreater than the maximum pressure
of chemicals. Thus, the operating air pressure is large. One major disadvantage

-
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of this concept is associated with any inadvertentover filling of the container
with chemical. Under this condition all of the membrane will rest against the
liquid, and the large operating air pressure will be added to the liquid pressure;
thus the liquid pressure against the container under wave actions will be approxi-
mately twice the design pressure.

The third concept uses a structural membrane and the top portion of the con-
tainer to form an air cylinder with somewhat of a circular cross section. The
operating air pressure required is the same as that for Concept 2 for the cylinder
to retain its shape and limit the flow of chemicals during pitching of the con-
tainer in waves. The same problem arises as for Concept 2 when the container is
slightly over filled with chemicals. f

In all three of the above integral membrane buoyancy cylinder concepts, the
following apply:

a) The fabrics of the cylinder must be compatible with direct exposure to

the chemicals.

b) The fabrics of the cylinder and container must withstand chafing during
wave actions.

c) The cylinders must be inflated to operating pressure prior to filling
with chemicals.

d) A means must be provided to preventover filling, or the design strength
of the container fabric must be doubled.

e) Fabrics of greater strength are required with these larger containers
than for smaller containers with exterior buoyancy.

f) More fabric material is required for these larger containers than for
smaller containerswith exterior buoyancy.

A variation to Concept 3 to obtain exterior buoyancy is to consider the mem-
brane to be the upper instead of the lower surface of the air cylinder. With
this variation, the membrane material is not in continuous contact with the chemi-

cals and less coating is required. However, the pressure in the air cylinder can
still be transferred to the chemical and to the container if the container is over
filled with liquids.




Based on the limited benefit of using less material for the membrane in

Concept 3 than for an external cylinder and the many disadvantages of its
integral and coupled buoyancy chamber, it was decided to use external and
decoupled buoyancy chambers for investigating container concepts using de-
sign Approach 1. The use of bulkheads or segments in containers was inves-
tigated for concepts following design Approaches 2 and 3.

2. Investigation of Approach 1

a. General

This approach in its simplest form has single fill/discharge locations
for the chemicals and for air buoyancy cylinders. Providing single fill lo-
cations is considered desirable to minimize the exposure of personnel to any
of the hazardous chemicals.

The results from investigating the use of a separate single flotation
cylinder for a container with a capacity of 25,000 gallons indicated that it
will exceed the draft limit of 10 feet when fully loaded with the heaviest
chemical, Figure 12. The draft limit can be met by using separate twin air
cylinders, Figure 13. A greater number of air cylinders can reduce the draft
further; however, total buoyancy cylinder weight increases with increases in
the number of cylinders because the fabric area increases for a given volume
of air. Therefore, container design concepts with twin cylinders were inves-
tigated in more detail.

b. Typical Design Concept

A typical design concept using Approach 1 was generated to better define
the characteristics of the container. The nose, center, and tail portions of
the container are illustrated in Figure 14. The locations of the attachments
between the buoyancy cylinders and the container and some details are presented
in Figures 15 and 16. Some details of the nose section are presented in Figure
17. The nose section contains the fill/drain valve and is neutrally buoyant.
An internal ring in the nose carries the container load that ends in a hoop bead
in the container fabric, Figure 17. A segmented clamp ring is located over the
bead to retain its position on the ring during packing and handling. A removable

liquid tight bulkhead is provided for access to the inside of the container for
refurbishment.

50




6°1 = A1jaeay

¥IANITAD AJKVAONG ITINIS ILWUVdIS ¥V HLIM
L HOYOYddV WOISIC--14wi0 YINIVINOD NO ALIAWYY JI4103dS TYIIHIHD 40 103443 -2t 3¥N9Id

Iy 4 }dadsg
1e2jway)

Japuj4)
aibuys

Gl = A3tAeay

3} 442ads
1e3jway)

Japuy L)
abujg

auyy Jajep

L2 2 LL VT A4RAE (Y4 0L

i
2°t = Ajaray 34 5123ds

(e3jway)




SYIANTTAD ADNVAONEG NIML 31VYVd3IS HLIM
L HOVO4ddY N9IS30--14Y¥Q Y3INIVINOD NO ALIAVYY I14103dS WIIWIHD 40 123443--€L WN9I4

. Y L 2 Va L

1934 0| 40 3tur] 3peaq 7

6°1 = ‘a9 ‘ds
1e3way)

g ~ds
1ed1way)

Japuy4)
iy

43pui {£)
ay

auy] 43jen

R T T O e S T P it S P

52




SYIANITAD AONVAONG NIML 31VdVd3S HLIM

1d30ONOD Y3ANIVINOD | HOVO¥ddY NIIS30--v1l JUNIL4

il
"LLO)

3 nvixg

oMoy - AdhL TIWE )
INTeA NMVIA/TTA

AXLYS QYT
INIVUNGD PYINWIHD —

SNUNHIA) S MOYL64O 7o T1OL)
(2) SYFTNITIAD AINMEAONG -




SINWIHIVLLY HIANITAD ADNVAONG--1 HIVOMddY NDISIG--G1 3¥N9I 4

& ..M

T T o ——

. R "
/ \
/ ~
/
{
!
L INTVYA 437173
S (A1) Jw‘&




o~

~—

22

CONNECTING WES

SEWING ——,
GUM STRI~
4o/ [0CK ING e

STITCH) (7vP)
WOVEN-Y
CHEMIAL CONTHNER / JOINT

P - ‘\
==
DerAail B

DETAIL C (SIMICAR)

SEWING
GUM STRIP @or LockinG .

TvP) e SriTeH )

CHEM/CAL CONTAINER

or
AIR CYLINDER

|

)

O-D (ryvP scanr)

FIGURE 16--DESIGN APPROACH 1--BUOYANCY CYLINDER ATTACHMENT DETAILS
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The cylindrical section of the container includes the filling/discharge hose
\S) and the attachment curtain between the container and the buoyancy cylinders.
A woven "Y" joint is used to connect the curtain to the container and to the
cylinder. The woven "Y" joint acts like a hinge and eliminates peeling forces
on the seams, Figure 16.

The drag skirt or vortex fence is located on the rear of the container where
the diameter becomes 80 percent, Figure 14. The drag skirt is filled with foam
and laced to the container.

c. Towing Drag

The towing drag of the container system for Approach 1 is based on the drag
of the chemical container plus the drags of the two flotation cylinders includ-
ing an interference factor. The interference factor is included with the two
flotation cylinders' drag coefficient because they are located near each other.
The interference factor value is based on data for bombs located adjacent to
each other under an aircraft wing, Reference 11. The value of the interference
factor increases as the value of the ratio of the diameter of the bombs to the
snacing between the bombs decreases when the values are less than one. Consi-
dering only the diameter of the flotation cylinder and the spacing between them,
the value of the ratio becomes 0.58, which corresponds to an interference factor
of 1.57 to be applied to the basic drag coefficient value of the cylinders. To-
tal System Drag for Approach 1 is:

DTota] DChem. Container 2 x 1.57 DBuoyancy/CyHnders, each

D, = C XqgxS..+2x1.57C Xq xS
T DCC cC DBC BC

.765 x 284 x -j,} (62) +3.14 x .765 x 284 x % (42) = 11,710 1bs. @ 10 kts.
Where
Cp. = -765 @ 10 kts for 1/d 223
cc 2 64 2 2
q = 1/2 Ve = W (2865) v knots = 2.84 (]0) = 284 PSF
2
S

cc " 1%— where D of chemical container = 6 ft.
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- CD = ,765 @ 10 kts for 1/d 2 23, flotation chamber
BC
nDZ
SBC =z where D of buoyancy chamber = 4 ft,

1 d. Typical Fabric Strength Requirements

The operating pressure in the buoyancy cylinders is a function of the wave

¢ height plus that required to maintain a reasonable container cross section area.
] Since the chemical is initially free to flow to one end of the container during
) fill, the buoyancy cylinders must be filled to operating pressure prior to fil-
ling with heavy chemicals. Under these conditions the buoyancy cylinders will
support all of the full portions of the container.

The tensions in the fabric in each air cylinder and in the fabric of the
container are calculated by first defining their pressurized shapes under wave
and static conditions, then applying a dynamic factor and a design factor as
discussed in A-3 of this section. The method of structural analysis is pre-

X sented in detail in Appendix A. The calculated shapes and the values of the
; major parameters are presented in Figure 18.

] Tension in the fabric of each buoyancy cylinder can be calculated from
T/py = 33.46 sq.ft. and T = 64 x 33.5 1bs/ft. or T = 178.5 1bs/in.
Selecting an amplification factor of 2, the limit stress becomes:
§ =«T =2x 178.5 = 357 1b/in.

The corresponding required ultimate fabric strength (Ft ) incorporates
the design factor of 4. A design factor of 4.8 instead of 4'Ywas used to account for the
woven "Y'™ joint; the ultimate fabric stress (Ftu) is:

Ftu =(D.F.T =4.8x357 = 1,714 1bs/in.

Tension in the fabric of the container can be calculated considering the
radius of the container and the differential pressure due to the sum of the stat-
ic pressure differential and the pressure differential due to the chemical's
actions when the waves are 12 feet high. The static pressure from Figure 18 is
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po/;g = 6.5 feet or 416 PSF. A differential pressure of one half of the static

operating pressure (po) was chosen for the shape analysis, thus “Potatic 208 PSF.
The major pressure differential is associated with the container pitching in the
waves and the differential head of the chemical is 12 feet. Thus, the calculated

differential pressure due to dynamics including a dynamic factor of 2 is:
APy = < pH = 2 x 1.9 x 62.4 x 12 = 2,845 PSF i

Thus, total ap = ap = 3,053 PSF

static * Apdynamics
Considering a noninal radius (R) of 3 feet for this container, the limit stress
is:

T = (p)R - 3495%-5—3 = 763.3 1bs/inch

The corresponding required ultimate fabric strength (Ftu) is:

Ftu = DF xT = 4 x 763.3 = 3,053 1bs/inch

e. Container Weights and Packed Volumes

The weights of the containers were calculatad for the major components of the
system based on geometry, fabric strength requirements, and drag loads. The fabric
weights were calculated based on the unit weights of the fabric to meet the strength
requirements and the areas of fabric required. The results are presented in Table 9
for 25,000 gallon containers with and without liners. The weights are well within
the 15,000 pound transport limit.

Packed volumes were calculated based on densities obtained by packing similar
fabric materials. A packed density of 15 pounds per cubic feet was chosen as a
typical value for heavy fabrics.

f. Deployment Sequence and Equipment

The major elements in the selected sequence for operating a design Approach 1
container concept include:
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a. Deploying the container from its pallet by flaking it into the water.
[nitial flotation and control of its attitude is provided by foam strips en-
closed in the apex of the buoyancy cylinders.

b. Air is added to the twin buoyancy chambers until they are full and
pressurized to operating pressure.

¢. Chemical is added to fill the container.

d. Towing is then conducted.

e. The chemical is then pumped out of the container.

f. The air cylinders are deflated.

g. The container is then flaked onto the pallet for refurbishment, re-
packing, and reuse.

— a4 .

Deployment by faking the container from its pallet into the water is possible
with a crane with a 1ift capacity of 1,000 1bs since the 140 feet long container
can be packed onto a pallet using folds that result in lifting requirements of
considerably less than 1,000 1bs.

| Initial buoyancy is provided by flexible foam contained in sealed strips within
the apex of each buoyancy cylinder, Figure 19. The buoyancy capability of the
strips exceed the weight of the system in the water.

The twin buoyancy cylinders are sizea to provide buoyancy with the container
filled with a chemical with a specific gravity of 1.9 and pressurized to maintain
its volume under wave heights of 12 feet, Figure 18. The operating pressure of the
buoyancy cylinders is:

p =po(H + ho) = 64(12 + 4.7) or 1,069 PSF or 7.42 psi.

0

The work associated with filling the air cylinders to this operating pressure
: is pV where: p is the added pressure, 1,069 PSF; and V is the total volume of the
; air cylinders, 3,650 cu. ft. Thus, pV equals 3,901,850 1b-ft.
If the work is accomplished in one hour, the horsepower developed is:

PRSI PO, 3

3,901,850

33,000 x 60 °" 1-97:
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Compressor efficiency and Tine losses will require an inflation system with
a greater horsepower rating. Because of the relatively low pressure and large
volumes, a centrifugal blower system with one or two stages appears to be the
most appropriate for inflating the cylinders.

g. Material and Construction Evaluation

Design Approach 1 leads to container concepts with very large structural com-
ponents. To build large components at a reasonable cost requires that materials
and construction techniques be selected that do not need large building mandrels
and large autoclaves. This can be accomplished by using woven fabric (cured or
uncured) that is cut into flat patterns and joined together using sewn lap seams
with gum on both sides of the seams and curing the seams in a press or curing the
total component while rolled onto a drum in an autoclave, Table 10.

Different types or conditions of materials were considered for costing the
fabrication of Approach 1 concepts. The concepts are constructed from woven fabrics
with the strengths and weights of those listed. Approach 1 is constructed of un-
cured fabric sewed together then cured. Approach 1A is constructed using two plies
of uncured fabric overlappedone half of their width, taping the lap edges, and then
curing the container as a unit. Approach 1B uses cured fabric with the coating
peeled back locally for sewing. The edges are taped and sewn after adding adhesive.
Adhesive is applied to the peeled bark coating, edge tapes are added, and the seams
are cured in either a press or the container is rolled onto a drum and cured in an
autoclave.

Structural materials other than those first listed can be used with different
state-of-the-art construction techniques; however, the relative cost of fabrication
equipment (large mandrels and a large autoclave) needed with these other construc-
tion techniques made them noncompetitive for design Approach 1 container concepts,
Table 10.

The liner materials selected are cured fabric. The Viton on Teflon fabric can
be processed in a manner somewhat similar to that for the container structural fab-
ric components. Flat patterns are cut and joined together using cemented lap seams,
and the seams are cured by rolling the liner onto a drum and using an autoclave.
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The Teflon on Glass fabric can be cut into flat patterns and joined together
using heat and pressure. However, the state-of-the-art for leak-proof, flexible
seams requires demonstration.

3. Investigation of Approach 2

a. General

This approach uses single fill/discharge locations for a container with mul-
tiple bulkheads and integral air chambers. The single fill/discharge location
is desirable from an operational and safety standpoint. The integral air cham-
bers requires a somewhat larger diameter cylinder, 7.5 feet versus 6 feet for
Approach 1, and meets the draft limit requirements of less than 10 feet when
filled with 25,000 gallons of the heaviest chemical.

Bulkheads are required to prevent all of the chemical from flowing to one end
of the container and causing the system to rotate to a spar buoy attitude. Air
pressure is required to prevent compressing the air and sinking of the container
in a rotated wave height of 12 feet plus the length of the air filled portion of
the container approximately one half its length, ie. 1%2- ft. The required opera-
ting pressure is thus 12 + 86 or 93 feet of water or 44 psi. Since this pressure
is excessive for design, the operating air pressure requirements were calculated
versus the number of equal length compartments in Approach 2. The operating air
pressure requirements are reduced from 44 to 13 psi when the number of compartments
are increased from one to five. Increasing the number to 16 reduces the operating
air pressure requirements to approximately 8 psi, Figure 20.

b. Typical Design Concept

A typical design concept was generated using Approach 2 to better define the
characteristics of the container. The nose, center, and tail portions are illus-
trated in Figure 21. Rigid bulkheads with rims are indicated for attaching the
beads of the 14 center, nose, and tail compartments to form the complete container.
More details of the rim on the rigid bulkhead, the beads in the ends of the fabric
from each compartment, and the retaining tension band are presented in Figure 22.
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FIGURE 22--DESIGN APPROACH 2--RIGID BULKHEAD DETAILS FQOR

ATTACHING COMPARTMENTS TOGETHER
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Valves are indicated in each of the rigid bulkheads to control the flow of
chemical between compartments whena single filling/draining hose is used,
Figures 22 and 23. The chemical valves are controlled from the top using
an extended length stem. The air fitting and the pressure relief valve
are located on the top surface.

The forward portion of the nose section is similar to that presented
in Figures 14 and 17 for the concept resulting from Approach 1. The drag
skirt is also located and attached to the rear compartment in a manner Simi-
lar to that presented in Figure 14 for the Approach 1 design concept.

» Enclosed strips of foam are located on the outside of the container to

control the container's roll attitude for operating the valve handles. Ini-

, tial buoyancy isn't required with rigid bulkheads because of their large
displacements.

To reduce the weight of the bulkheads, a means of providing flexible
fabric bulkheads instead of rigid bulkheads was also investigated. Methods
of attaching the fabric bulkheads to the compartments and the compartments
to each other are illustrated in Figure 24. The connection between the fabric

o bulkhead and the fabric surfaces of each compartment are by two of the three

] legs of a woven "Y" joint.The third leg ends with a beal for connecting the mm-

# partments together. A segmented clamp and a lacing arrangement are also

;' illustrated. The fabric bulkheads are hemispheres and are free to invert to
accept any pressure differential between compartments. In conjunction with
the fabric bulkheads, an external arrangement of hoses was also investigated,
Figure 25. The hoses connect to individual valves on a manifold and to in-
dividual compartments so each compartment can be filled independently. A

Fie single hose from the pump supplies the manifold. Details of the hose connec-

: tion to each compartment is presented in Figure 26.

c. Towing Drag

The towing drag of the container configuration for Approach 2 was cal-
culated to reflect the diameter and 1/d for the conceptual design presented
in Figure 21.

s Estpartrente: R TS r < erorvs ™

Orag = CD qSs
Drag = 1.161 x .765 x 284 x 52.42
| Drag = 13,223 1bs at 10 kts
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Where:

CD = maximum drag coefficient at 10 kts at an 1/d 0f20.3
a factor x CD for 1/dof 23 = 1.161 x CD for an

1/d > 23.

q = (1/2)0V%= §‘§§%§‘7 (2.865)v% = 2.84 (10)2 = 284 PSF
'ndz

s =M - 52,42 sq. ft.; d = 8.17 ft.

d. Fabric Strength Requirements

The operating air pressure in the compartments must be equal or greater
than the pressure from the 12 feet wave height plus the air pressure required
to maintain the volume of the compartment when the compartments pitch. The
values presented in Figure 20 indicate that a minimum pressure of 8 psi is
required to prevent the container from sinking in waves when the compartments
are pitched.

The approach for determining the operating pressure on the container
fabric used for the stress analysis considers the air pressure to overcome the
wave pressure times a factor of 1.5 for seating the bead on the rims to pre-
vent leakage, and an amplification factor of 2 on the chemical height (5 feet)
when the compartment is tilted 90°, Appendix B. The resulting operating pres-
sure s 1288 1.5+ 2 x 1.9 x %57t x 5= 16.24 psi. When this pressure is
applied to the container surface, the limit design stress becomes(IB = 40.33 x
16.42 = 663.7 1b/inch in each of the plies, Appendix B. Applying the Desian
Factor (0.F.) of 4, the required ultimate fabric strength is Ftu = D.F. GB
= 4 x 663.7 = 2,655 1bs/inch. The calculated strengths and weights of the
bulkheads and rim assemblies also are presented in Appendix B.

e. Container Weights and Packed Volumes

The weights were calculated for the major components of the system based
on geometry, fabric strength requirements, and drag loads. The fabric weights
were calculated from the weight per unit area and the area of fabric invelved.
The bulkheads and rim assemblies weights were calculated based on material ‘
thickness to carry the loads and the densities and areas of the materials, ;
Appendix 8. The results are presented in Table 11 for 25,000 gallon capacity 5
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containers with and without liners. The weights approach the 15,000 pound

transport limit because of the weights of the metal parts. The use of fab-
ric bulkheads will reduce the container weights to values similar to those

for concepts using design Approach 1.

The packed volumes for the fabric parts were calculated on the basis
of 15 pounds of fabric being packed in one cubic foot. The metal parts
volume were calculated based on the geometric envelope they occupy. The
calculated packed volumes are well within the limits.

f. Deployment Sequence and Equipment

The major elements in the selected sequence for operating a container
concept using design Approach 2 include:

1) Deploying the container from its pallet by faking it into the
water. Initial flotation and control of container attitude is provided by
foam enclosed in external strips.

2) Filling requires a procedure that fills all compartments equally.
One procedure for accomplishing this is to (a) fill all compartments with
air using the internal continuous chemical hose and having the air flow
through all of the chemical valves at the bulkheads and through the chemical
inlet/outlets; (b) after all compartments are filled with air, the air line
is disconnected and the chemical hose from the pump is connected; (c) chemi-
cal is pumped into the container increasing the air pressure; (d) the pumping
rate is then controlled so that the chemical flow rate appears, from looking
at the freeboard, similar to all compartments; (e) the air pressure in the
stern compartment is reduced if required to increase the chemical flow rate
into this compartment; (f) when the rear compartment appears to be properly
filled, the chemical valve in the bulkhead is closed and the air pressure is
increased to the design value using an air line connected to its air valve;
(g) the same process is repeated for each compartment progressing forward
from the stern; (h) if any compartment appears low in the water at design
air pressure, it is over filled and the chemical can be made to flow to
under filled compartments by reducing their air pressures and opening the
valves between the high and low riding compartments; (i) finally, in the filled
condition, all chemical and air valves are closed.
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3) Towing is then conducted.

4) Discharging the chemical from the container is by opening all
chemical valves and allowing the contained air to discharge the chemical
through the internal continuous hose. Additional air must be added to
completely empty the compartments. A suction pump can be used to collapse
the system for retrieval of the system.

5) The container is then fa%ed onto its pallet for refurbishment
and/or reuse.

Deployment by faking the container from its pallet into the water
is possible using a crane with a lifting capability of 1,000 1bs since
the 166 feet long container can be packed onto a pallet using folds com-
patible with thecrane's 1ifting capability.

Initial buoyancy is provided by flexible foam contained in sealed
strips along the upper surface of the container.

The chemical compartment is sized so it can contain both the most
dense chemical and the air required for buoyancy. The operating air pres-
sure selected for design is based on the wave height times a factor of 1.5
for seating the beads in the rims of the rigid bulkheads. Thus, the design
operating air pressure is 18 feet of water or 8 psi.

The work associated with filling the integral buoyancy chambers to
this air pressure is PV where: P is the added pressure, 8 x 144 or 1,152 PSF;
and V is the total volume of the container é%L%%%— = 7,933, cu ft. since the
total system must be air filled and the beads.seated before adding any chemi-
cal. Thus PV = 9,138,816 1b-ft. If work is accomplished in one hour, the
horsepower developed is E%f%%%i%l%ﬁ-or 4.62. Compressor efficiency, motor
efficiency, and line los.es will require a system with greater horsepower
rating.

g. Material and Construction Evaluation

Design Approach 2 led to container concents with rigid metal or flex-
ible fabric bulkheads, 2 and 2A respectively. The container fabric structure
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consists of compartments, each 10 feet long, constructed on building man-
drels by laying-up two plies of cord fabric at the proper bias angles.
Beads are enclosed in the ends of the fabric for each compartment for at-
taching to the rigid bulkheads, or woven "Y" joints are attached to the
compartment;and one leg is attached to the flexible bulkhead,and the other
leg has a bead for attaching the compartments together. The layed-up cord
fabric on its mandrel is wrapped in a vacuum blanket and cured in an auto-
clave.

The smaller size of the individual components for this container com-
pared to those for container concepts resulting from design Approach 1 allows
the use of reasonable size mandrels and autoclaves, Table 12. Thus, struc-
tural materials other than those first listed can be used with the other
state-of-the-art construction techniques without additional costs for fab-
rication equipment.

The liner materials can be processed using a mandrel or in the same
manner as presented for the liners of the Approach 1 concepts.

4. Investigation of Approach 3

a. General

This approach uses separate locations on each of the many segments of
the chemical container for filling/discharging the chemical and the air
for integral buoyancy. Multiple transfer locations have a disadvantage
from an operational and safety standpoint,but they eliminate the need for
internal hose/valve hardware that is associated with the basic concept
for Approach 2. The dimensions of the spherical segments were established
based on the desired chemical plus air volumes and the desired fineness
ratio of the container. A diameter of 8.5 feet was selected for the 25
segments making up the container. With integral flotation, the draft of
the container with the most dense chemical is less than 10 feet. Since
the container consists of many segments, the operating air pressure re-
quired to prevent compressing the air is the sum of the pressures due to
a wave height of 12 feet plus the pressure due to tilting the one half
full, 7.2 feet long segments 90°. The operating air pressure is 12 +

7.2
==
or 15.6 feet of water or 6.93 psi, Figure 20.

79

A TR T S

v ST ST
—_— T




e e e ————— -

B S

paai1nbay youeasay
pado3A3Q aq ue)

b
N00L$ < uedtjiubig Auap g s
X001$--%01$ Iuediyrubrs -2 pado(aadQ aae SPOYIaW 2
NOLS > JOULW "L wue pOY}al UO}IONPOIY " lye
UoJAN-3[ 43N 03 O}3ea 3S0) II34|(Qs
1SIJO0N
sweas swieas
buy buy
-|eas - 1235 H .
NXN 2 | 02 Obib-91|sse(g-uofjar 2
i 2 S'9 0t L000-1A{uOL3B1-UOJ}A |
“|otaqey J3upy ‘g
(]
o0
2 t b4 L L (6" 96 GL22 92 61 "Aedy
¢ *dg "wRy)
1335304
-tAang 2
2 b4 l 2 1 t S0 L volL GL22 9 2 6°1 "Aeay
*dg “uway)
uo AN
-9 }4IIN "L
34NIINUIS
43U)03U0) Y
Buypuypm | dnfeq | buymag Buypuip [ dnkey putpuog soyaquy | pk bs/zo ut/qi uojienjeay
uawe|} 4 juaue |ty FbutMast  ogpIx0st "IN yibuaays 404
uo{AN J)4qe4 op4qe4 s|ejadley
wey b3y dinb3 8a|71e(3Y |ys34y JO 370G UOLIEIHUQRY - LN pajda|as
03 paaedwo)
»0130Y 350)
LeLaa) ey
Uo115naTSUG) ww,nmm pJa0) Ajd-omj

canhiaunai

6°L = ALIAVYY JI4123dS YV HLIM SIWIIMIYD ¥04 S14IINOD ¥3INIVINOD Y04
MNTEAANITCMNANY ANY CTIVTHTIYWE N1 T1AC 4N NNTIVNIYAT--Y7 (NY 2 HWOMAAY NDISIA--71 16V

e

ol Sl B 3

-

LT




b. Typical Design Concept

A typical design was generated using Approach 3 to better define the
characteristics of the container. The nose, center, and tail portions are
3 illustrated in Figure 27. The drag loads are carried by the stainless steel
. cables located at the centerline of each segment. Each segment is filament
E wound on a mandrel and the winding ends in metal fittings that are closed by
end plates that connect to the cables and universal joints between the seg-
ments. The nose section transfers the lcad in the center cables to the tow
line. An external bead/wear strip is added to the front segment for inter-
facing with the rigid nose portion. All segments have four enclosed foam
1 strips mounted on the upper surface of the segments for initial buoyancy
1 and to aid in controlling the attitude of the segments. Individual filling/
i discharging points are located on each segment for transferring chemicals or
' air. A relief valve controls the air pressure during the loading of chemi-
cals into each of the inflated segments.

The drag skirt is fabricated separately and laced to the rear segment
so its maximum height occurs at 80 percent of the segment's maximum diameter.

A modification to design Approach 3 was made to aenerate a container
design concept that reduces the number of fill points and the number of con-
tainer segments, Figure 28. The segments are filament wound and have longer
cylindrical portions than the segments of the container concept presented
in Figure 27. The filling hose is manifolded to hoses to each segment. The
hoses are connected at each bulkhead, Figure 29. Each bulkhead is trapped
between the end pieces wrapped in each segment. The end pieces are held to-
gether by a rim. The drag loads are carried by a group of longitudinal ropes
attached internally between the end pieces.
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¢. Towing Drag

The towing drag of the configuration, a series of spheres, is based
on the drag of a single sphere acting as the beginning and the end of the
string and a factor times this coefficient for the other spheres located
between them where the CD for a sphere is 0.209 and the factor is 0.20,
Reference 10. The total drag coefficient then becomes:

CD 2(0.209) + 23(0.2)(0.209) = 1.38

Total
Total Drag

Cp. a5 = 1.38 x 284 x %(8.5)2 = 22,230 1bs.

T

Because the system is only 79 percent submerged, the towing drag is 79 per-
cent of 22,230 1bs. or 17,562 1bs.
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d. Fabric Strength Requirements

The operating air pressure in the segments must be equal to or greater
than the pressures due to the 12 feet wave height plus the air pressure
required to maintain the segments' volume when the segments pitch. With
25 segments,the minimum required air pressure value for buoyancy is approxi-
mately 7 psi, Figure 20.

The approach used for determining the operating pressure on the fabric
for the structural analysis is presented in Appendix C. The operating pres-
sure consists of an air pressure of 8 psi plus an amplification factor of 2
times the pressure due to the height of heavy chemical when the segment is
rotated 90°. The resulting operating pressure on the fabric is

8 + 2 x 1.9 §422.4 x 4.25 _ 15 psi

When this pressure is applied to the container fabric, the stresses presented
in Appendix C are:

1) Each Helix Ply
Limit Stress = {p = ‘3—57-’3—2?— = 205 1bs/inch

Ultimate Stress = Ftu = 4 x 205 = 820 1bs/inch

2) Circumferential Wraps
Limit Stress = Gh = (0.9641 x 15 x 51 = 737.5 1bs/inch

Ultimate Stress = Ftu = 4 x 737.5 = 2,950 1bs/inch

3) End Reinforcement
Limit Stress Vr = 0.8703 x 15 x 51 = 665.8 1bs/inch

Ultimate Stress Ftu = 4 x 665.8 = 2,663 1bs/inch

e. Container Weights and Packed Volumes

The weights were calculated for the major components of the system,
and the results are presented in Table 13. The unit weights of the fabric
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materials and their areas were used in calculating their weights. The
weights of the domes, fittings, and cables are based on using stainless
steel materials that can carry the loads with a design factor of 1.5.
The weight of hoses and valves are based on similar catalog items. The
weight of the nose is based on the metal parts. The weight of drag fence
is based on fabric and foam weights.

The volumes of the fabric items are based on a packing density of
15 pounds per cu. ft. The packed volumes of the rigid items are based
on their envelopes.

The weights and volumes of the containers are well within the trans-
portation limits.

f. Deployment Sequence and Egquipment

The major elements in the selected sequence for operating a container
concept using design Approach 3 include:

1) Deploying the container from its pallet by faking into the
water. Initial flotation and control of container attitude are provided
by foam enclosed in strips on the surface of the segments.

2) Filling the segments of the container requires individual connec-
tions to the individual spheres. An initial volume of air is needed for
floating the heavy chemicals, and the air is compressed as the chemicals are
pumped in. Air pressure and free-board are monitored during the filling of
each sphere,

3) Towing is then conducted.

4) Discharging the chemical can be by the action of the air pressure
followed by suction pumping or by adding more air. The suction pump also
can be used to collapse the segments for retrieval.

5) The container is then faked onto its pallet for refurbishment
and/or reuse.

Deployment by faking the container segments from the pallet into the :
water is possible using a crane with a 1ifting capability of 1,000 pounds i
since many segments are involved in making the container,and their weights ‘
are considerably less than 1,000 pounds.
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Initial buoyancy is provided by flexible foam packed in sealed strips
along the upper surface of the sphéres. External strips that flood can be
located near lower portions of the spheres if more stability is required
during filling and discharging.

Each segment of the chemical container is sized so it contains both
the most dense chemical and the air required for buoyancy. The operating
air pressure selected is based on the wave height of 12 feet pressures
times a factor of 1.5 or 8 psi.

Without any losses, the work required to fill all of the integral
buoyancy chambers is PV where: P is the added pressure, 8 x 144 or 1,152 PSF;
and V is the total volume to be filled at that pressure. However, if the
spheres are filled with air at small pressures initially, the addition of
chemicals by a pump will compress the air to values greater than needed for
maintaining the displacement. For example, the air pressure in the segments
will rise from a minimal pressure differential when empty of chemical to 14.7
psi when one half full of chemical. Thus, air must be allowed to bleed off
through the air-filled valve or the air relief valve when filling the segments

with chemicals. Thus, the horsepower of the air compressor is based on volume
requirements and the pressure losses through the inflation lines. If a 3 psi
line loss is assumed, then PV = 3 x 144 x §g¢%§$-= 3,472,804 1b-ft. If the

work is accomplished in one hour, 1.75 horsepower will be developed.

g. Material and Construction Evaluation

Design Approach 3 led to container concepts that are filament wound.
This approach leads to given segment shapes for given wrap angles. The
shapes of the segments were selected to require end fittings as small as
possible and still be able to wind a container segment on an inflatable
building mandrel. The end fittings are located on the ends of the mandrel
and become part of the container segment as it is wound. The total container
segment is wound incorporating the fabric end reinforcements and fittings
using a helix wrap. The cylindrical portions of the segments require addi-
tional hoop wraps to carry the additional loads per inch. The fabric segments
of Approach 3A are lengthened versions of the segments of Approach 3. The
length increase is accomplished by increasing the length of the cylindrical
portion of the segment. The wound segment is wrapped in a vacuum blanket and
then cured in an autoclave.
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The use of reasonably sized mandrels and curing in available auto-
claves are the result of the shorter lengths of the segments for Approaches
3 or 3A compared to the length of the single chemical container concepts
resulting from design Approach 1, Table 14. The rating of 2 for the state-
of -the-art of filament winding is associated with the materials. A process
has been developed, but it is not associated with nroduction items. The rat-
ings in the table indicate similar shape and size segments which can be fab-
ricated with woven fabric using sewing and bonding of the seams. The use of
cord fabric and laying up shapes with small ends becomes unrealistic because
of the directions and pileups of cord fabric strips approaching the end fit-
tings.

The Tiner materials can be processed using a mandrel or in the same
manner as presented for the liners of the Approach 1 concepts.

5. Summary of Feasibility of Developing a Container to 3.1 Requirements

The feasibility of developing a container to 3.1 Technical and Operational
Requirements by individual requirements is presented in Table 15. The letter
"X" is listed where the values for the requirements were used for design and/
or the calculated values for the parameters were well within the values of
the requirements. Comments are presented where the values approach their
limits. Only two comments are listed. One is associated with Approach 1
concepts which require twin buoyancy cylinders to meet the draft limit while
meeting all of the other requirements. The other is associated with Approach 2
concepts and the weights when rigid bulkheads are used to form the many com-
partments.

A1l containers were designed to have at least 25,000 gallons capacity of
chemical with a specific gravity of 1.9. The materials and construction tech-
niques were selected to attain the structural strengths required to meet the
towing and survival conditions. The calculated results included container
weights and packed volumes, provisions for initial flotation, and container
draft. The ability to deploy the container using a crane with a 1,000 pound
Tift capability was judged based on the container's weight, length, flexi-
bility, and possible methods of packing it on a pallet. The ability to be
ready to receive the chemicals in less than four hours is based on judging
the ability to deploy the container using the 1,000 pound 1ift capability
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crane plus the effort required to add buoyancy air to the container prior

to adding the chemical. A1l concepts require air to be added before filling
with heavy chemical. A1l of the Approach 1 concepts require the twin cylin-
der to be filled to the operating air pressure. The approach 2 concept re-
quires the air pressure to seat the beads on the rigid bulkheads. The
Approach 2A concept with flexible bulkheads and both of Approach 3 concepts
can be filled with air at low pressure and then allow the air pressure to be
built up by pumping in the chemicals. The air supply system for the air is
more associated with volume than pressure when compared to normal air compres-
sors. Pressures range from 3 to 8 psi and air volumes range initially from

26,000 to 60,000 gallons. Selecting a ten horsepower motor for driving a
centrifugal blower system will accomplish their inflation in less than one
hour.

Data was used to establish the suitability of the selected materials
relative to the temperature requirements.
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D. Feasibility of Developing a Container with Specific Changes

' 1. General

’ In addition to determining the feasibility of developing a container for use
as indicated by the requirements of 3.1, GAC investigated the effect of specific
E changes in the values of the parameters on the feasibility of developing a con-
E tainer, other considerations, and described the advantages and disadvantages of
| the design concepts. The order of the investigation was:

a. Determine the feasibility of developing a container for use as indicated
by the 3.1 requirements except that the maximum specific gravity carried is re-
i duced from 1.9 to 1.4.

b. Consider a variety of buoyancy methods, placements, and attachment schemes
and determine the required fabric and seam strength. Buoyancy methods include
separate but attachable modules and buoyancy integral to the container. The use
of air inflation, precured foam products, or foam-in-place methods to be used on
site will be considered.

c. Determine the maximum feasible container size (volume) for transporting
a liquid with a specific gravity of 1.9 within the technical and operational re-
quirements of 3.1.

d. Determine the maximum specific gravity that can be carried in a 25,000
gallon (U.S.) container for the technical and operational requirements of 3.1.

e. Evaluate the concept's ability to operate in a partially full state within
the technical and operational restrictions stated in 3.1.

j*‘4 f. Evaluate whether any given valume container, designed for a specific gravity
of 1.9, can hold greater volumes of lighter materials (e.q., partial flotation or
b, utilization of portions of flotation volume).

g. Evaluate possible deployment techniques.

h. Evaluate buoyancy placements effect on hydrodynamic stability.

i. Evaluate different types of coated fabrics and meshes, seaming methods,
reinforcing, and construction techniques to determine their suitability for con-
taining the chemicals for periods up to 200 hours.

If no single existing or state-of-the-art fabric is suitable for all the
chemicals listed, identify a mix of existing or state-of-=the-art container mate-

! rials which will provide the maximum containment probability in the minimum number
of containers.

94




IR "SR

e TR

Although the container is expected to be reusable, reuse after exposure to the
most corrosive of the chemicals is not a rigid requirement.

j. Evaluate the container's ability to safely contain the liquids if placed
and filled on the deck of a floating barge under the environmental conditions of
3.1.

2. Feasibility of Developing a Container for Chemicals with a Maximum Specific
Gravity of 1.4 while Retaining the Values of the(Uther 3.1 Requirements

The feasibility of developing a chemical container to the 3.1 Technical and ‘
Operational Requirements for chemicals with a specific gravity of 1.4 instead of
1.9 was investigated next for all three approaches.

a. Investigation of Approach 1 Concepts

The size of the chemical container for carrying the chemical remains the same
size for chemicals with a specific gravity of 1.4 as for 1.9. The size of the
buoyancy cylinder decreases because of the decrease in buoyancy requirements for
the less dense chemicals.

The major elements in the operating sequence remain the same as for the chemi-
cal container designed for chemicals with a specific gravity of 1.9. The container
design concepts were investigated for Approaches 1, 2, and 3 to determine the ef-
fect on the container's characteristics of reducing the maximum specific gravity
of the chemical carried from 1.9 to 1.4 while preserving the values of the other
3.1 requirements. The results are presented in the same format as used in the
prior subsection of this report.

Reducing the chemical specific gravity from 1.9 to 1.4 reduces the size of
the flotation cylinders and reduces the pressure loadings on the chemical container
fabric due to the chemical height in waves 12 feet high and the associated dynamic
amplification factor. The size of the chemical container portion remains the same.

A typical container design concept was presented in Figures 14 through 19 for
the heaviest chemical. The change in the container's design for chemicals with a
specific gravity of 1.4 instead of 1.9 is the change in the nominal diameter of the
buoyancy cylinders, from four feet to three feet. The cross-sectional shapes and
the drafts of the container design concepts for the two different specific gravities
were presented in Figure13.
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The towing drag for the container with the smaller diameter buoyancy cylinders
is based on the drag of the chemical container plus the drags of the two cylinders
considering an interference factor with the drag coefficient of the cylinders.

With the smaller cylinders, 3 feet nominal diameter instead of 4 feet, the cylin-
ders are approximately 3 feet apart. The corresponding interference factor is one.
Thus, total container system drag equals mDCC xq xSee)+@x 1.0 CDBC X g x Sge)

or[. 765 x 284 x (62] +[2 x .765 x 284 & (3Zﬂ or 9,214 pounds.

4
Where: C, and C, = .765 @ 10 kts for 1/d > 23 |
cc 8C |
q = 1/20v% = 284 at 10 kts
S = WDZ where D = 6 feet
cc ~ 3
Son = 02 where D = 3 feet
BC - 4

The fabric strength requirements were calculated using the same technique as
for the Approach 1 container concepts with the heaviest chemical, see Appendix A.
The values taken from Appendix A for the components of the container include:

The operating air pressure (po) is based on the wave pressure and the resulting
depth of the cylinders in the water. This pressure under static conditions results
in the greatest differential pressure (ap) and from Figure 13 equals 16.48 x 64
= 1,055 PSF or 7.33 psi. The pressure value is similar to that of the air cylinders
for the container designed for the heaviest chemical. With this smaller diameter
the tension in the fabric (T) is:

T = 24.22 x % = 129 1bs/inch

and considering a dynamic amplification factor (=) of 2, the critical stress is:

T =<«T =2 x 129 = 258 1bs/inch

Using a design factor of 4.8 instead of 4 to account for the woven "Y" joint, the
ultimate fabric stress (Ftu) is:

Ftu = 4.8 x 258 = 1,240 Tbs/inch
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The operating pressure in the chemical container under static conditions was
selected for design as twice the water pressure on the top of the container. The
static depth is 1.6 feet and Po = 2 x 1.6 x 64 = 205 PSF. The pressure differen-
tial under static condition (Aps)is one half that value or 102 PSF. The pressure
differential due to the chemical's dynamic actions (Apd) with waves 12 feet high
is:

[}

«= pH=2x1.4 x 62.4 x 12 = 2,097 PSF
The total pressure differential (4p) acting on the fabric is:
4p = 8p, *+ 4py = 102 + 2,097 = 2,199 PSF

The critical stress (J) is:

T = apR = 2,199 x]% = 549.7 1bs/inch

The ultimate stress (Ftu) is:
Ftu =4 x 549.7 = 2,199 1bs/inch

The weights and volumes of container concepts designed for chemicals with a
specific gravity of 1.4 are presented in Table 16. The total weight is 75 percent
of that for containers designed for the heaviest strength requirements for the
fabrics and chemicals because of the reduced area of fabric for the flotation cylin-
ders.

The selected sequence for operating these containers are the same as for the
containers designed for the heaviest chemical. The containers for chemicals with
a specific gravity = 1.4 weigh less and they can be handled, deployed, towed, and
retrieved more easily than containers designed for the heaviest chemical.

The twin buoyancy cylinders contain anproximately one half the volume of air
at approximately the same pressure as do containers with the heaviest chemical.

Thus, only one half the horsepower is required to fill the cylinder in the same

time period or using the same air supply system they can be fill in one half the
time.
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Woven fabrics with less strength and less unit weights were selected for the
design. The fabrication techniques investigated and selected are the same as for
the Approach 1 designs for chemicals with a specific gravity of 1.9. The results
from the evaluation are presented in Table 17.

b. Investigation of Approach 2 Concepts

Typical container design concepts were presented in Figures 20 through 26 for
the heaviest chemical. The change in the container's design for chemicals with
a specific gravity of 1.4 instead of 1.9 is the change in diameter of the container
since less displacement volume is required for buoyancy. The container's diameter
changes from 8.17 feet to 7 feet for the same volume of chemical.

The towing drag at 10 knots for the container with its diameter of 7 feet and
a 1/d of greater than 23 is:

Drag = Cyas =.765 x 284 x 7 (7°) = 8,361 pounds
lhere: CD = ,765 @ 10 kts and 1/d > 23

1/20V% = 284 PSF
2
T Where D = 7 feet.

q
S

It

The fabric strength requirements were calculated using the same techniques as
for the Approach 2 container concepts with the heaviest chemical, see Appendix B.

The values taken from Appendix B for the components of the container in-
clude:

The operating air pressure that is based on the wave pressure plus that needed
for maintaining the container's displacement volume when the 116 inch long compart-
ments tilt 90° or plus that required for seating the bead in each end of the fabric
on the rim of the rigid bulkheads. The selected air pressure value is 1,152 PSF
considering the wave pressure and an over pressure factor for seating the beads.

The air pressure is the differential pressure for static conditions (Aps). The
pressure of the chemical on the fabric due to the action of the waves was calculated
using 4.71 feet as the height of the chemical. The resulting pressure differential
(Apd) including a dynamic amplification factor of 2 is:

L i T,
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Apd =2 x 1.4 x 62.4 x 4.71 = 822.6 PSF; and the total
4p = Ap. + 8p, = ]’]52124822‘5 = 13.7 psi

The critical stress and required fabric strengths are:

T

Ftu

1 The weights of each bulkhead (142 pounds) and each rim assembly (151 pounds)
are also calculated in Appendix B.

40.88 x 13.7 = 560.6 1bs/inch
4 x 560.6 = 2,242 1bs/inch

#

The weights and volumes of container concepts designed for chemicals with a
specific gravity of 1.4 are presented in Table 18. The total weights of these
containers are approximately 80 percent of those for containers designed for the
heaviest chemical because of the reduced fabric strength requirements and the
reduced fabric area for the same chemical capacity. The weights of the bulkheads
] and rim assemblies are reduced because of their smaller sizes and the reduced peak
2 pressure loadings.

The selected sequence for operating these containers are the same as for the
containers designed for the heaviest chemical. The containers weigh less, are
smaller, and can be handled, deployed and retrieved more easily than the containers
designed for the heaviest chemical.

Apnroximately one half the volume of air at the same pressure is required to
fill the chambers. Thus, the air supply system requirements are reduced by one
half.

Uncured cord fabric with less strength and less unit weight was selected for
the design. The fabrication techniques investigated and selected are the same
as for the Approach 2 designs for chemicals with a specific gravity of 1.9. The
results from the evaluation are presented in Table 19.

c. Investigation of Approach 3 Concepts

Typical container design concepts were presented in Figures27, 28, and 29 for
the heaviest chemical. The change in the container's design for chemicals with a
specific gravity of 1.4 instead of 1.9 is the change in diameter of the container
since less displacement volume is required for buoyancy. The container's diameter
changes from 8.5 feet to 7.5 feet for the same volume of chemical.
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The towing drag at 10 knots for the container with its diameter of 7.5 feet
and a 1/d of greater than 23 is:

CD 2 x 0.209 + 23 x 0.2 x 0.209 = 1.38

Total
Drag

C xqxA=1.38x 284 x J X 7.52 = 17,314 pounds

DTota]
The fabric strength requirements were calculated using the same techniques
as for the Approach 3 container concepts with the heaviest chemical, Appendix C.

The values taken from Appendix C for the components of the container include:

The operating air pressure that is based on the wave pressure plus that needed
for maintaining the container's displacement volume when the segments tilt 290°. The
selected air pressure value is 1,152 PSF and it is the ap under static conditions.
The pressure on the fabric due to the chemical under the actions of waves 12 feet
high including the dynamic amplification factor is:

Apd 2 x 1.4 x 62.4 x 3.75 = 655 PSF and

4p = 4pg * 8Py = 1,152 + 644 = 1,807 PSF or 12.6 psi

The required ultimate fabric strength with the design factor of 4 is:
For the filament wraps,

12.6 x 3.75 x 12
3.7321

F u s 4 x

t = 608 Tbs/inch

For the added reinforcement,
Ftu =4 x 0.8703 x 12.6 x 3.75 x 12 = 1,974 1bs/inch

For the hoop wraps on the cylindrical partion of the segments,

Foy = 4 x 12.6 x 3.75 x 12(1 - .5 tan? 15¢°) = 2,187 Ibs/inch




The weights and volumes of container concepts designed for chemicals with a
specific gravity of 1.4 are presented in Table 20. The total weights are approxi-
mately 75 percent of those forcontainers designed for the heaviest chemical be-
cause of the reduced fabric weights and the reduced fabric area for the same
chemical capacity.

The selected sequence for operating these containers are the same as for the
containers designed for the heaviest chemical. The containers weigh less, are
smaller, and can be handled, deployed, and retrieved more easily than the con-

tainers designed for the heaviest chemical.

Approximately one half the volume of air at the same pressure is required
to fill the segments of these containers. Thus, the air supply system require- !
ments are reduced by one half.

Filament winding was selected for fabricating the design. The results of
the evaluation are presented in Table 21. Concept 3A uses 10 segments developed
by increasing the Tength of the cylindrical sections of Concept 3 concepts.

| d. Feasibility of Developing a Container for Chemicals with a Maximum
Specific Gravity of 1.4 while retaining the Values of the Other 3.1

Reguirements

‘ Developing a container for the heaviest chemical, within the values of the
other requirements, appears feasible. Reducing the density of the chemical used
for design reduces the weight and draft of the system, thus improving feasibility.

3. Buoyancy Methods

b a. Full Containers |

A full container of heavy chemicals requires that large volumes of water be
displaced for buoyancy. For the most dense chemical, the amount of water dis-
placed approaches twice the volume of the chemical. Quantities of compressed
air, flexible foam, and rigid foams approaching the 25,000 gallon volume of the

R .

chemicals were investigated for buoyancy.

- -
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BERE S

To provide this displacement, the selected material must withstand the pres-
sures associated with waves 12 feet high and any other pressures associated with
the design. The pressures required for buoyancy with the different conceptual
approaches range from 7 to 8 psi and determine the air pressure or the density
of the foam material when expanded.

Selection of the buoyancy material must also consider weight, packed volume,
technical risk, storage life, cost, reuse, and operational complexity.

Compressed air has advantages relative to weight, packed volume, storage
life, cost, and container reuse. Technical risk is associated with leakage and
can be reduced by using multiple compartments for redundancy. Operational com-
plexity is associated with the equipment needed to inflate the container which
is not normally carried aboard U.S. Coast Guard vessels.

Flexible foam with closed cells will alleviate any leakage problem; however,
the packed volume will be excessive since it requires considerable pressure to
compress closed cell foam. Open cell foam can be compressed more easily; however,
multiple compartments are required for redundancy in case of leakage since water
can flow through the foam. Open cell foam also tends to take a set when compressed
and stored for a period of time. Thus, an auxiliary means for deploying and ini-
tially extending this foam from a compressed state is required.

Foam that is generated during container deployment to inflate the volumes
required for buoyancy can alleviate many of the problems associated with manu-
factured flexible foams. However, the foamed-in-place foams are normally rigid
for the operating pressures required and are difficult to remove for retrieving,
repacking, and reusing the container. Operational complexity is also associated
with the equipment needed to mix and inject the foam into the buoyancy chambers.

Since all foam materials must be protected from the chemicals, all of the
foams must be enclosed by a fabric cover that can withstand the chemicals and the
resulting operating pressures.

The characteristics of the different materials for the buoyancy chambers are
defined and rated relative to their desirability for each of the listed parameters
in Table 22. Based on the characteristics and the ratings listed in the table, air
was selected as the material for providing buoyancy for a full container.
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b. Initial Buoyancy

Because of the large weights and volumes of manufactured foams required for
floating full containers, its use was considered only for initial flotation and
control of the container's attitude. Initial buoyancy requirements and the cor-
responding quantities of the foam required are presented in Table 22. The nose
sections are neutrally buoyant for all design concepts. g

Approach 1 designs without liners for chemicals with a specific gravity of
1.9 require 8 to 10 cubic feet of foam for initially floating the empty containers
and the empty air cylinders. For systems with containers having liners 14 to
15 cubic ft. of foam are required. Approach 1 designs without and with liners
for chemicals with a specific gravity of 1.4 have smaller air cylinders and re-
quire 6 to 8 or 11 to 12 cubic feet of foam, respectively.

Approach 2 designs for chemicals with a specific gravity of 1.4 or 1.9 have
three inch thick bulkheads that provide more than adequate initial buoyancy.

Approach 3 designs have a considerable amount of dense hardware. Designs
without and with liners for chemicals with a specific gravity of 1.9 require
26 to 27 or 34 to 36 cubic feet of foam, respectively. System designs without
and with liners for chemicals with a specific gravity of 1.4 are smaller and
the foam requirements are 20 to 21 or 27 to 28 cubic feet, respectively.

The locations of the foam for initial buoyancy and control of the container's
attitude are presented in Figures 14, 21, and 27. The closed cell foam for Approach
1 is located in the apex of the buoyancy cylinders. The amount of foam required
for neutral buoyancy with the heaviest container in the water is 11-12 cubic feet.
Selecting a buoyancy factor of two, a total of 22-24 cubic feet is required. With
two cylinders, each 130 feet long, the average cross-sectional area of the foam is

T35 °F .1 square feet. This amount of foam will have little effect on the ab-
ility to pack this container.

The closed cell foam for Approach 2 is associated with attitude control since
the rigid bulkheads displace more water than needed for initial buoyancy. Enclosed
foam pads are located on the outside of the upper portions of each segment to con-
trol roll attitude, Figure 20. Also shown are open cell foam pads that are flooded
by being vented to the sea water. They are located on the outside of the lower

portions of each segment to control attitude when it is partially filled. The com-
bination of the upper and lower pads reduces and damps rolling motion.
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[P Sy coat

The closed cell foam pads illustrated in Figure 27 are located on the out-
sides of the upper portion of the spherical segments for initial flotation and
control of attitude. Enclosed open cell foam pads that are flooded by being
vented to the sea water can be located on the outside of the lower portions of
the spherical segments to provide additional stability when the segments are
inflated and only partly filled. The displacement volume of the foam in the
upper buoyancy pads for neutral buoyancy of the 25 segments is 34 to 36 cubic

feet. Selecting a buoyancy factor of two, the displacement required per seg-
2 x 36 _72

ment is 55— “3E " 2.88 cubic feet. The length of each pad on a segment
is approximately four feet. Thus, the cross-sectional area is %ﬁ?%—= .18 sq.

feet.

4. Maximum Container Size for Carrying Chemicals with a Specific Gravity of
1.9 wvitiain the Technical and Qoerational Reauirements of 3.1

a. Investigation of Approach 1

Several constraints 1imit the container size. Considering the weight limit
first, the weights of the system were calculated versus chemical volumes for
container concepts using design Approach 1, Figure 30. The calculated results
indicate that a system weighing 15,000 pounds, including a provision for a 25
percent weight growth, can be designed to carry approximately 70,000 gallons of
chemical with a specific gravity of 1.9. The second limitation investigated
was the draft of the system versus container volume. The results indicate that
the draft 1imit of 10 feet is reached for this design when chemical volume is
approximately 36,000 gallons. The draft of the design at the weight limit is
13.7 feet. The volume 1imit based on 15-20 pounds per cubic feet is less de-
marding than the limits on weight or draft for this design.

The operational requirements of handling the 15,000 pound container system
with a crane with a 1,000 pound lifting capacity appears possible since this
container is approximately 190 feet lony and can be folded on a pallet so the
folds can be faked into the water within the crane's capacity.
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b. Investigation of Approach 2

Design Approach 2 with rigid bulkheads is presently near the weight limit
and wasn't investigated for larger capacity.

c. Investigation of Approach 3A

Design Approach 3 concepts have weights similar to Approach 1 concepts for
the 25,000 gallon size. Approach 3 was investigated as modified to 3A, ie, a
series of wound cylinders attached together in the same manner as the original
wound spheres. This approach was chosen over making larger spheres or adding
“more spheres. Larger spheres resultina blunt, Targe drag system. Using more
spheres of the original size results in weights that increase at a rate faster
than the volume increases because of the increased drag and corresponding loads
and weights of the cables and assembly hardware in the forward spheres. The
weight constraint for the modified configuration was investigated by calculating
container weights versus volume for chemicals with a specific gravity of 1.9.
The calculated results are presented in Figure 31. The calcualted results in-
dicate that a system weighing 15,000 pounds, including the 25 percent weight
grewth provisions, can carry approximately 110,000 gallons of chemical with a
specific gravity of 1.9.

The second limitation investigated was the draft of the system versus chemi-
cal volume. The draft 1imit of 10 feet is reached when the chemical volume is
55,000 gallons. The draft corresponding to the weight limit is 12 feet. The
other operational Timits can be met with this design.

5. Maximum Specific Gravity that can be Carried in a Chemical Container Designed
for 25,000 GalTons Within 3.1 Requirements

A11 three design approaches result in container concepts that can carry 25,000
gallons of chemical with a specific gravity of 1.9. If denser chemicals are to be
carried, then the volumes of the chemical has to be reduced.
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a. Investigation of Approach 1

For Approach 1 the buoyancy consists of the weight of water displaced by
the chemical, the air cylinders, and the container material;and it is equal
to the weight of the chemical, the air, and the container material or:

64(Ga11ons of Chem.) + 64 (Vol. of the Air Cyl., Gals> + 64 Wt. of the Container
\  7.481 7.481 Density of Material

= 62.4 x Sp. Gr. of Chem <§a]]°9543{ Cheni) + .12 (Vol. of the Air Cyl.) + Wt. of

Container, or Gals of Chem (I - é%j5%> = Gals of Air i%g-- i) + 7.481 Container

1 1
”t<54 - 62.4o> sV, (1 - .9758) = V. (-.998125) + 60, gals.

Where: YV = Chem. Sp. Gr.

o = Container Material Density
Vol. of chems 25,000 gallons
Vol. of air = 21,294 gallons

Using no excess of air for buoyancy, the chemical volume that can be carried
was calculated for a system sized for 25,000 gallons. No more than 25,000 gallons
can be carried because of the size of the chemical compartment. The calculated re-
sults are presented in Figure 32. The amount of chemical that can be carried de-
creases from 25,000 gallons of chemical with a specific gravity of 1.9 to 11,000
gallons with a specific gravity of 3.0. The decrease is at a rapid rate since the
chemical portionof the container contracts, thus displacing less water with the
denser chemicals.

b. Investigation of Anproaches 2 and 3

Approaches 2 and 3 use pressurized air within the chemical compartment for
buoyancy. Thus the volumes of air and chemical can be traded off from a buoyancy
standpoint within the total container volume (air + chemical); that is, 25,000
gallons of chemicals with specific gravity of 1.9 is 25,000 + 21,294 or 46,295
gallons total.
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The calculated number of gallons of chemicals versus chemical specific gravities
for design Approaches 2 and 3 container concepts are presented in Figure 32. Ap-
proximately 46,000 gallons of chemical with a specific gravity of one can be car-
ried in the container designed for chemicals with a specific gravity of 1.9.
Approximately 16,000 gallons of a chemical with a specific gravity of 2.9 can be
carried by the same containers.

6. Operation While Partially Filled

The results presented up to this point are for operation of the containers
while full. The effect of operating these same designs when partially full is
discussed in this subsection.

a. Investigation of Approach 1

This configuration has been presented as a single chemical compartment,is
filled by one hose, and a pair of air cylinders are inflated individually using
one or two air lines. This simple form requires that the twin air cylinders be
completely inflated and pressurized before partly filling the container with
heavy chemicals because the heavy chemicals will flcw to the lowest portion of
the container. The chemical will continue to flow to the lowest portion of the
container until that portion is filled. The twin flotation cylinders at the
design operating pressures will prevent any full region from sinking to a depth
where the pressure is greater than the pressure within the buoyancy cylinders.

The twin buoyancy cylinders during tow will be full and semi-rigid at the
design operating pressures. The partially full system will tow with a shape
that is curved, ie, the nose will be near design depth since the nose has its
own flgotation; the forward empty portion of the container will ride at less
than design depth because of the excess buoyancy of the air cylinder; and the
rear portion of the container will operate at design depth since that portion
of the container will be full. There will be some reduction in drag. However,
the amount is difficult to estimate and will have to be determined empirically.
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b. Investigation of Approaches 2 and 3

These approaches have integral chemical/air chambers. As was discussed in
Subsection C-3 for full containers, the chambers require increasing air pres-
sures over the design value as the number of compartments are decreased, Figure
20. The same trend applies to the partially filled container. With one com-
partment,the heavy chemical can flow to one end, thus sinking that end and the
air above the chemical to a depth that will compress the air and reduce the
buoyancy for the container. A family of curves presenting the pressures re-
quired versus the number of compartments can be calculated based on the ratio
of the chemical volume at partial fill to rated volume of the container for this
chemical. The calculated results assuming all compartments are equally filled with
chemicals having a specific gravity of 1.9, are presented in Figure 33.

Partially filled containers of design Approach 2 and 3 are pressurized to
maintain the shape of the compartments or segments under the actions of waves
12 feet high and the chemicals flowing to one end of a segment. If the chemi-
cals are loaded equally into each segment, the container segments will operate
at less than design depth. The nose with its flotation will operate nearer de-
sign depth. The drag of the containers will be associated with the container
have its shape but operating at less than design depth. The ratio of the drag
of the partially filled to the maximum filled container can also be approximated
by calculating the ratio of their cross-sectional areas in the water.

7. Maximum Volume of Lighter Chemicals that can be Carried in a Container Designed
for 25,000 Gallons of Chemicals with a Sp. Gr. of 1.9

The maximum volumes of Tighter chemicals that can be carried in container
concepts following Design Approaches 1, 2, and 3 are also presented in Figure 32.
Approach 1 design concepts are limited by the size of the chemical container, ie,
25,000 gallons. Thus, no increase in chemical volume is available for the lighter
chemicals. Concepts using Approches 2 and 3 have integral chemical/air flotation,
thus greater volumes of the lighter chemicals and lesser volumes of air can be car-
ried. The maximum volume, however, is 1imited to approximately 46,000 gallons by
the container's maximum dimensions. The chemical specific gravity corresponding
to this volume is a little less than one.

e e e
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FIGURE 33--DESIGN APPROACHES 2 AND 3 WITH INTEGRAL AIR FLOTATION

QPERATING PRESSURES REQUIRED YERSUS NUMBER OF EQUAL

LENGTH COMPARTMENTS OR SEGMENTS PARTIALLY FILLED OF
CHEMICAL WITH A SPECIFIC GRAVITY = 1.9
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8. Evaluation of Possible Deployment Techniques

The length of the containers, their flexibility, the size of the package for
transporting the container, and the limited capacity of the crane led to the con-
cept of accordion folding the container such that the folds can be flaked into
the water by lifting only some portions of the many folds at one time. This ap-
proach also lends itself to deploying the containers by pulling and extending
them a fold at a time, using the force of a separate craft or drag devices trail-
ing the craft carrying the packed containers.

Once the containers are extended, air is added so they take their shapes.

The twin buoyancy cylinders of design Approach 1 concepts will orient and control
the overall length of the container. At operating pressure the cylinders will be
semi-rigid so thesystemwill be stretched out and hanging between them. The con-
tainer will fill out as the chemical is added. The container will remain hori-
zontal under static conditions because the cylinders have sufficient buoyancy

for a full container.

Container concepts of design Approaches 2 and 3 take their final shapes
as they are filled with air. Air is compressed and bled-off as the chemical
is added. They reach their capacity when they are approximately one half filled
with chemicals with a specific gravity of 1.9.

9. Evaluation of Buoyancy Placements on Hydrodynamic Stability

The distribution of buoyancy along the length of the container is essentially
uniform for controlling the shape and the pitch attitude of the container. The
buoyancy cylinders of Approach 1 concepts attempt to keep the chemical container
straight and horizontal. The air pressure in the multiple compartments of Approach
2 concepts also attempt to keep the container straight and horizontal. The air
pressure in the segments of Approach 3 concepts will tend to keep the segments on
the surface; however, the container is free to bend at the joints of each segment.

The distribution of buoyancy along the length of the container controlling
roll is the placement of the flotation strips for initial buoyancy, outboard of \1
the container centerliner, and near the water's surface. The twin air cylinders '
of Approach 1 concepts greatly increase its roll stability. Inflation of Approach
2 and 3 concepts doesn't add to their roll stability. Flooded strips are illustrated
Tow in the water for Approach 2 designs to help control the amount of roll, Figure 21.
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The shape of the nose, its buoyancy, and the tow point are chosen to limit
diving actions during tow.

The shape of the tail with its drag fence is to limit snaking actions dur-
ing tow.

10. Evaluation of Different Types of Coated Fabrics and Construction Technigues
for Fabricating Containers Suitable for Up to 200 Hours Exposure to the U.S.
Coast Guard Listed Chemicals

The evaluation and selection of coated fabric suitable for fabricating a
minimum of chemical containers using state-of-the-art techniques are presented
in Subsection II-B.

Background on construction techniques is presented in Subsection [I-A.

11. Evaluation of Container's Ability to Safely Contain Liquids if Placed and
Filled on the Deck of a Floating Barge under the Environmental Conditions
of 3.1 Requirements

The ability of safely using containers on a barge that is designed for
use in the water with 25,000 gallons of chemicals with a specific gravity of
1.9 was investigated for container concepts of design Approaches 1, 2, and 3.
The barge was assumed to reach an angle of tilt so the difference in heights
of the two ends equaled the wave height. The length of barge equaled 150 feet.
The method of analysis for determining the static tensions in the fabric of
a container in a barge is presented in Reference 3 and are related to size and
percent of fill, Figures 34 and 35.

The sum of the static stress and the stress due to dynamics was set equal
to the fabric stress used for the design of each of the three containers. The
dynamic stresses are less for Approaches 2 and 3 then for Approach 1 because
the lengths are less; that is, the same tilt angle of the barge results in
smaller differences in chemical heights within the shorter segments or compart-
ments and thus less dynamic stredses. The fill percentage based on the allow-
able static stresses were calculated, and the results are presented in Figure 36.

12. Summary of the Feasibility of Developing a Container with Changes to the
Values of the 3.1 Requirements and Other Considerations

The results of the effcrts presented in this subsystem are summarized in
Table 24. Approach 1 results in container concepts that meet the requirements
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with some limitations. Some of the limitations apply to the specific designs,
ie, (1) reduced volumes of chemicals with specific gravities greater than 1.9
can be carried in containers designed for chemicals with a specific gravity of
1.9; or (2) no greater volumes of lighter chemicals can be carried because of
the volume 1imit of the specific container design. Towing speed at partial
fill may be limited because of the amount of loose fabric. The operation of
the system on a barge is possible at some reduced capacity.

The limitations of Approach 2 are associated with weight, if rigid bulk-
heads are used and which carry a lesser volume of chemicals with specific
gravities greater than 1.9.

The limitation of Approach 3 is associated with carrying a lesser volume
of chemicals with specific gravities greater than 1.9.




E. Effect of Variations in the Values of 3.1 Requirements on the Feasibility
of Develoning a Container

GAC investigated the effect of varying the values of 3.1 Requirements to
determine which requirement values have the greatest impact on concept feasi-
bility. The values of the following parameters were evaluated for concept
sensitivity by:

Variations in towing speed and/or wave height guidelines.

Increasing the packageable weight and/or size limitations.

Variations in survivability condition.

Advances in the state-of-the-art fabric and/or seam strength.
Variations in set-up time.

Availability of a ship with 20,000-pound 1ifting capability for deploy-
ment (Buoy Tender).

O N W~
P

7. Increasing limiting draft.
8. Variations in the 200-hour containment goal.

One parametic value that significantly affects the values of the other para-
meters is that for the specific gravity of the chemical selected for designing a
25,000 gallon container. The effects of the selected value on material strength
regquirements, container weights and packed volumes, towing force, draft, and the
possible container volume capabilities for chemicals with other specific gravi-
ties are presented in Figure 37, 38, and 39 for design Approaches 1, 2, and 3,
respectively. The same scales are used in all three figures for the same para-
meters. Thus the relative heights of the curves and their slopes indicate the
significance of each parameter and its sensitivity to changes in the value of
the specific gravity used for design.

The drag at 10 knots increases with increasing specific gravity of the chemi-
cal used for designing a 25,000 gallon container because more water must be dis-
placed to support the same volume of the denser chemical. Thus the containers
become larger, displace more water, and have more drag. The drag is made up of
a shape-drag coefficient, the cross-sectional area of the container, the density
of the fluid that the container is towed through, and its relative velocity squared.
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For a given velocity, drag is associated with the shape factors and the cross-
sections of the containers associated with the designs for different specific
gravities. The drag of the Approach 3 concept is the greatest because of large
CD for its shape factor and its large cross-sectional area.

The effect of wave height is reflected in the required strengths of the fab-
ric materials. The dynamic portion of the design pressure differential as a
function of the amplification factor, the specific gravity of the chemical and
the wave height, ie, apy = «(S.G.)62.4 x H, PSF. Thus for containers with small
static operating pressures, Approach 1 containers, the container's fabric weight
is nearly directly proportional to wave height or chemical specific gravity.

For containers with larger static operating pressures, Approaches 2 and 3 con-
tainers, the container's fabric weight is less than directly proportional to
wave height or chemical specific gravity.

Advances in the state-of-the-art of structural materials for design Approaches
1, 2, and container concepts are not required. Some engineering is required to
develop efficient lap seams with design Approach 1 container concepts.

The state-of-the-art of materials for containing all of the listed chemicals
for 200 hours has not been completely demonstrated. An approach using two con-
tainers of different materials and providing a liner in one for the strong acids
is the combination nearest to the state-of-the-art for containing the chemicals
based on available knowledge.

The weights and volumes of the containers indicate that they can be made
within the limits of transportation weights and volumes. The only container
concept approaching the weight limit is design Approach 2 with rigid bulkheads.
Thus no increase in the weight or volume limit appears necessary.

The survivability condition is associated with wave heights which affects
the dynamic portion of the design pressure differential discussed earlier. The
container concepts were designed to survive the actions of waves 12 feet and,
thus changes to this condition are not necessary.

Changing the time period for setting up the container is associated with
the deployment time and the inflation time to provide buoyancy and stability
before the chemical is loaded. Deployment times are associated with how the
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system is packed for deployment and how many separate events must be handled
by the crew. With reasonable effort, a technique to deploy the system can be
developed that 1imits the handling by the crew members. For instance, large
parachute systems are deployed by the single action of a separate drag device.

The second portion of the set-up time is associated with inflating the
buoyancy systems. Calculations indicate that a 10 horsepower system can ac-
complish this within one hour. The diameters and lengths of the inflation
hose will affect the inflation times.

The availability of a crane with 20,000 pound 1ift capability would allow
placing the total package overboard and deploying the container by pulling it,
a foid at a time, off its pallet.

Increasing the draft limit allows the use of a single buoyancy cylinder
with design Approach 1 concepts. The drafts of these concepts with single and
twin cylinders are presented in Figures 12 and 13. Thus increasing the draft
Timit isn't a priority item.

The effect of changing the 200 hour containment goal is difficult to det-
ermine at this time because the compatibility data are not necessarily pre-
sented versus time. Gross changes in containment times are necessary before
the ratings listed in Subsection II-B can be changed.

The resulis in this subsection are summarized in Table 25.
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F. Description of the Advantages and Disadvantages of the Different
Candidate Concepts

Items selected for describing the advantages and disadvantages of the con-
tainer concepts designed using the three different approaches are presented in
Table 26. The values presented are based on judgments. Operational and state-
of-the-art factors are presented. The ratings for the operational factors are
based on judgments of how much more difficult it is to operate these different
container concepts than it is to operate a system designed for chemicals with
a specific gravity of one. Ratings are froml to 5 and ratings of 1 = the same
difficulty; 3 = several times the difficulty;and 5 = an order of magnitude in-
crease in difficulty. The operational factors include: transportability,
training, deploying (including special equipment), towing, discharging, retriev-
al, and refurbishing (including repacking and operating while partially filled).

Transportability is based on the packed weight and the packed volume of the
container. Contairer weights range from two to five times the weights of a con-
tainer designed for chemicals with a specific gravity of one. The packed volumes
are also related to the weights. Thus the ratings are associated with the rela-
tive weijghts of the containers.

More difficulty in training is associated with teaching the added operations
associated with providing buoyancy, controlling air pressures, filling/discharging,
and refurbishing the containers. All designs require the crew to operate an air
system and some containers require multiple connections. Training effort is judgec
to be two to three times that required for container designed for chemicals with
a specific gravity of one.

The difficulty of deploying the container is associated with placing it into
the water, extending it, and adding all of the air for flotation prior to loading
the chemical. The difficulty of placing it into the water is associated with the
container's weight, its flexibility, and the technique used to pack the container.
Weight was used as the basic criterion. Extending the container to its length
should be of the same order of effort for all containers. Adding air to the con-
tainers is associated with number and location of fill points.
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The difficulty of filling the container with chemicals is associated with the
number of fill points and any other operations necessary to accomplish filling.
The basic Approach 2 design has a single point for filling but requires a speci-
fic filling sequence. Approach 3 has many filling points. Approaches 2A and 32
have single fill point manifolds to the compartments or segments.

The difficulty of limiting the exposure of personnel to the chemicals is as-
sociated with the number of hose connections to be made and whether the men might
be exposed to spilled chemicals in the water. Containers with single fill points
for the air and for the chemical were judged to have exposure potentials equal to
the present systems. Concepts with multiple fill points or complex filling sys-
tems were judged to increase the exposure potential.

Towing difficulty is associated with container stability during tow when it
is filled to capacity and when it is partially filled. Approach 1 container de-
sign configurations have not been tested. Tests will be required to develop the
nose and bridle shapes for successful towing.

The discharging function is similar to the filling function and the same rat-
ings are repeated.

The relative difficulty of retrieving the containers is associated with their
weight and the amounts of rigid items that must be stacked onto a deck with a
crane. The ratings are similar to those for deployment.
The relative difficulty for refurbishing the containers is related to cliean-
ing, checking out, repairing, and repacking them considering any special equipment.
The difficulty of cleaning the containers may be similar for those with one large
or many smaller compartments. Checking out the container will require an air sup-
ply system not normally available. Factory air supplies are low volume, high pres-
sure systems and will require long time periods and excessive horsepower to accomplish
the check-out task. Repairing the containers with single compartments will be more
difficult than repairing containers with the smaller compartments or segments. In ;
fact, a badly damaged compartment or segment can be removed from the container for ‘

operation at a reduced capacity. Difficulty of repacking the containers is asso-
ciated with weight and the amount of rigid items.




Fabrication state-of-the-art ratings consider the state-of-the-art for
constructing containers of these high strength materials, the state-of-the-
art of seam strengths, and the state-of-the-art for retaining seam strength
after immersion in the different chemicals. Approach 1 concepts are made
from woven cloth and require seams. The basic fabrication process is state-
of-the-art with the selected materials or rating of 1. Developing good ef-
ficiency seams with the greater strength fabrics will take engineering efforts,
1.5 rating. Sewn seams are expected to retain an acceptable portion of their
initial load capability after chemical exposure, 1.0 rating. The ability of
two-ply fabric construction with its very large, unsewn lap seams to withstand
the chemical action is unknown, and it is given a 3 rating for this factor.

Approach 2 concepts are layed-up using cord fabric and the process is state-
of-the-art for these strong materials. No seams are involved, thus 1 ratings
are indicated.

Approach 3 concepts are filament wound, and the process needs more engi-
neering develgpment with the materials chosen and a 3 rating is indicated. No
seams are involved, thus the corresponding ratings are 1.

The values in Table 26 have not been totaled because the relative importance
of each of the factors listed has not heen established. In general, the con-
tainer concepts resulting from design Approach 1, 1A, 1B, 2A, and 3A appear to
be the most desirable.

Physical factors can also be used to rate the different container concepts.
This was done and the results are presented in Table 27. The values presented
are based on the values of ratios calculated using the value for that factor for
a container concept designed for chemicals with a specific gravity of 1.9 and
the corresponding value for a container designed for chemicals with a specific
gravity of one. The ratios were set up for each factor so that values greater
than one indicate it is less desirable, and values less than one indicate it is
more desirable than a container designed for chemicals with a specific gravity
of unity.

The ratings for draft were calculated from the draft of the concepts for
chemicals with a specific gravity of 1.9 divided by the draft of a concept for
chemicals with a specific gravity of 1, or 6 feet.
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The ratings for the volume capabilities of containers for chemicals with
specific gravities of unity was calculated based on the volume of the contairers
designed for chemicals with A specific gravity = 1.0 divided by the volume capa-
bility for chemicals with a specific gravity of 1.9 or 25,000 gallons.

The ratings for the required tensile strengths of the seams is the value of
the ratio of the required fabric strengths for containers designed for chemicals
with a specific gravity of 1.9 to the required fabric strength of a container
designed for chemicals with a specific gravity of unity or 1,400 pounds/inch.

The ratings for available tear strength of the fabric are less than one
and are based on the values for the ratio of the tear strengths of the material
for containers designed for chemicals with a specific gravity of 1.9 to that
for material for a container designed for chemicals with a specific gravity of
unity.

The ratings for the packed weight and packed volumes of the container are
more than one and are based on the values for the ratios of weight and packed
volumes of containers designed for chemicals with a specific gravity of 1.9 to
those for a container designed for chemicals with a specific gravity of unity.

Towing force ratings are more than one and are based on the value of the
ratio of the towing drag of containers designed for chemicals with a specific
gravity of 1.9 to the drag of a container designed for a chemical specific
gravity of unity.

The ratings in Table 27 have not been totaled because the relative impor-
tance of each of the factors listed has not been established. In general, the
container concepts from design Approaches 1, 1A, and 1B appear to be the most
desirable, unless the greater capability of Approaches 2 and 3 for the lighter
chemicals is a very significant factor.
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G. Concept Evaluation
1. General

The selected construction for the three design Approaches reflects the
materials and fabrication techniques that are most state-of-the-art for their
unique designs. Materials in different states of processing are included for
constructing some of the designs to determine their effect on risk or cost.
The material and construction matrix for the different container design Ap-
proaches include:

a. Single Container, Single-Point Filling, Separate Buoyancy Chambers

Approach No. 1--Uncured Woven Fabric, Sewed-Lap Seams, and Auto-
clave Cure.
Approach No. 1A--Uncured Woven Fabric, Two-Ply Construction, Lap Seams
1/2 Fabric Width, and Autoclave Cure.
Approach No. 1B--Cured Woven Fabric, Sewed-Lap Seams (Dracone Construc-
& tion), and Press or Autoclave Cure the Seams.

b. Compartmented Container, Single-Point Filling, Air Filled to Ensure
. Buoyancy

Approach No. 2--Uncured Cord Fabric, Unidirectional, Two-Ply Layup,
Autoclave Cure, Rigid Bulkhead Separators, Internal Hose.

Approach No. 2A--Uncured Cord Fabric, Unidirectional, Two-Ply Layup,
Flexible Bulkheads, and Manifold with External Hoses.

¢. Segmented Container, Partially Filled to Ensure Buoyancy

Approach No. 3--Filament Wound Spherical Segments, Autoclave Cure, and
Segments are Individually Filled. '

Approach No. 3A--Filament Wound Cylindrical Segments, Autocliave Cure,
Small Rigid Bulkheads, and Internal Hoses for Single-Point Filling.

e -

Several liner materials and construction were included to determine their '
effect on risk and cost. The material and construction matrix for liners suit- 4
able for all three design Approaches include:
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a. Teflon on Glass Fabric Liner

--State-of-Art Material for Rigid Seams.
--Development and Fabrication Costs for Flexible Seams Received from
Vendor.
b. Viton on Teflon Fabric Liner
--State-of-Art for Flexible Seams.
--Cemented Lap Seams that are Autoclave Curei.
c. Brush Coating of Viton on Butyl-Polyester Fabric
--State-of-Art for Selected Chemical Resistant Viton is Unknown
--Requested Information from Vendor
d. Attachment of Liner to Container Structure
--Mechanical using Tab/Patch Connections

2. Technical and Development Risk for Design Approach 1 Container Concepts

These container design concepts are presented in Figures 14 through 17.
Three techniques for fabricating this container concept of woven cloth fabric
were investigated as Approaches 1, 1A, and 1B.

- Uncured woven fabric was chosen for fabricating Approach 1 container con-
cepts to limit the efforts required for removing the coating before seaming
and sewing the lap joints. After assembly of the panels, the assembly is
rolled on a drum and cured inan autoclave.

The fabrication technique for Approach 1 container concepts includes:

a. Fabric Components
--Single container and two air cylinders.
--Fabricated in these basic fabric parts (nose, center, tail).
--Center part sewn and seamed to nose and tail parts.
--Fabric lapped over bead at nose and tail for joining to rigid parts.
--Chemical container and buoyancy chambers connected permanently by
flexible Y tapes. f
b. Basic Material ’

3G Snea W , .
o e - d

--Uncured coated woven fabric. "

f --Container 48 oz/yd2 c¢loth, 110 oz/yd2 coated fabric, 25 mil gum each
l side.

e ey
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--Buoyancy Chambers, 22 oz/yd2 cloth, 57 oz/yd2 coated fabric, 15 mil
gum each side.

c. Seams
--Eight to 12 rows of stitching per lap seam.
--Cloth exposed at seams before sewing.
--Seams covered with gum on both sides after sewing for curing.
d. Attachments P
--Woven "Y" Tapes used for sewed attachments between container and
buoyancy cylinders.
e. System Cure

--Total system cured by rolling it on a drum and curing it in an auto-
clave.

f. Foam Drag Skirt
--Formed separately, laced to tail section and fastened to rear bead

clamp.
g. Rigid Nose
--Contains Buoyancy, tow connection, fill/drain point and interfaces
with fabric.
h. Single Point Filling at Nose

The fabrication technique for Approach 1A container concepts uses two plies
of uncured woven fabric with large laps, approximately one half the width of
the material. With these large laps, sewing of the laps between panels is mini-

mal or eliminated. The fabrication technique for Approach 1A container concepts
includes:

a. Fabric Components
--Single container and two air cylinders.
--Fabricated in three basic fabric parts (nose, center, tail).
--Center part sewn and seamed to nose and tail parts.
--Fabric lapped over bead at nose and tail for joining to rigid parts.

--Chemical container and buoyancy chambers connected permanently by
flexiblie Y tapes.
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b. Basic Material
--Uncured coated woven fabric.
--Contains two plies of 24 oz/yd2 cloth, 60 oz/yd2 coated fabric, and
15 mil gum on each side.
~-Buoyancy chambers, two plies of 11 oz/yd2 cloth, 30 oz/yd2 coated
fabric, 15 mil gum on each side.
c. Seams
--Eight to 12 rows of stitching per seam for joining nose part to the
center part and the tail part to the center part.
--Cloth exposed at seams before sewing.
--Seams covered with gum on both sides.
d. Attachments
--Woven "Y" Tapes used for sewed attachments between container and
buoyancy cylinders.
e. System Cure
--Total system cured by rolling it on a drum and curing it in an auto-
clave.
f. Foam Drag Skirt
--Formed separately, laced to tail section and fastened to rear bead
clamp.
g. Rigid Nose
--Contains buoyancy, tow connection, fill/drain point and interfaces
with fabric.
h. Single Point Filling at Nose
i. Typical Layup Approaches

The fabrication technique for Approach 1B container concepts uses cured
fabric and the coating is layed back in the lap region for seaming and sewing
the cloth. The coating is then repositioned and covered with gum and tapes for
a press or an autoclave cure of the seams. The fabrication technique for Ap-
proach 1B container concepts includes:

a. Fabric Components

--Single container and two air cylinders.
--Fabricated in one basic fabric part.
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--Fabric lapped over bead at nose and tail for joining to rigid parts.
--Chemical container and buoyancy chambers connected permanently by
flexible Y tapes.
b. Basic Material
--Cured coated woven fabric.
--Coating is lifted locally for seaming and sewing.
--Container 48 oz/yd2 cloth, 110 oz/yd2 coated fabric, 25 mil gum each
side.
--Buoyancy Chambers, 22 oz/yd2 cloth, 57 oz/yd2 coated fabric, 15 mil
gum each side.
c. Seams
--Eight to 12 rows of stitching per seam.
--Cloth exposed at seams before sewing.
--Seams covered with gum on both sides after sewing for curing.
d. Attachments
--Woven "Y" Tapes used for sewed attachments between container and
buoyancy cylinders.
e. System Cure
--Seams are cured using a press or by rolling system on a drum and
curing the seams in an autoclave.
f. Foam Drag Skirt
-~Formed separately, laced to tail section and fastened to rear bead
clamp.
g. Rigid Nose
--Contains buoyancy, tow connection, fill/drain point and interfaces
with fabric.
h. Single Point Filling at Nose

An evaluation of the state-of-the-art of fabrication techniques using woven
cloth for constructing the containers was made based on judgments relative to the
ability of creating the fabric, attaining the desired seam strengths, and re-
taining these strengths after immersion of the fabric in the chemicals. Fabric
materials are readily available using present equipment. The required seam
strengths are beyond those presently demonstrated for fabrics. High-strength
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sewn lap seams have been demonstrated using cloth or webbings without coatings.
Approaches 1 and 1B lay back the coating on the cloth in the seam area prior

to seaming and sewing for obtaining high-strength joints. Approach 1A uses two
plies so that the bonded lap joints are several feet wide and require minimal

or no sewing for strength. The ability of the seam to retain its strength after
immersion in chemicals is based on the compatibility of the coatings with the
chemicals. Sewing does prevent possible peeling and can act as a backup load
path if the bond fails locally, so it is a desirable feature.

Approaches 1 and 1B require development to establish that high-strength
sewn and bonded seam can be attained. Approach 1A requires development to
determine how much, if any, sewing is required to prevent delamination of
the wide bonded seams after immersion in the chemicals considering flexing

actions.
Design Approach 1 1A 18

! Fabricating Desired Matl. Materials and Materials and Materials and
; Tech. Available Tech. Available Tech. Available
1 Obtaining High-Strength | Requires Dev. Limited Testing Requires Dev.
X Seams with Selected Matl. Testing Testing
! Retaining High-Strength Requires Limited Requires Dev. Requires Limited

Seams in Selected Chem. Testing Testing Testing

One basic reason for choosing woven fabric for Approach 1 container concepts
is related to the size of the tooling and equipment required for making this large
container by other fabrication techniques; such as, the layup process or the fila-
ment winding process where the container components are made and cured on full-
size molds. The expense for large molds, building equipment, and curing facility
prohibits the selection of other fabrication techniques for the quantities anti-
cipated for this unique container.

3. Technical and Development Risks for Design Approach 2 Container Concepts

Two container design concepts are presented in Figures 21 through 26. The
basic fabric part is layed up on a male mold using the same techniques for both
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container concepts. The basic difference between the two container design
concepts is related to the construction of the bulkheads that divide the con-
tainer into separate compartments. Approach 2 container concepts have rigid
bulkheads and Approach 2A container concepts have hemispherical fabric bulk-
heads. The fabrication technique for Approach 2 container design concepts
includes:

a. Fabric Components
~--Nose, 14 identical compartments and tail
--Two-ply layup construction of unidirectional uncured tire cord
material.
--Fabric lapped over beads at ends for joining to bulkheads.
--Beads hold fabric compartments rigid to bulkhead rims; ie, similar
to the "tubeless tire/rim mechanism.”
b. Basic Material
--Two-plies of uncured cord fabric.
--18 oz/yd2 of cloth each ply; 104 oz/yd2 total for two plies of coated
fabric, 25 mil gum each side.
c. Seams
--No seams with two-ply layup on a form.
--Cured in an autoclave. The fabric portion of each compartment is
on a form and enclosed within a vacuum blanket.
d. Cure
e. Rigid bulkheads
--Contain valves and hose connections.
f. Foam Drag Skirt
--Formed separately and laced to tail section.
g. Rigid Nose
--Contains buoyancy, tow connection, fill/drain point, and interfaces
with fabric.
h. Single Point Filling at Nose

The fabrication technique for Approach 2A container design concepts that
have flexible bulkheads includes:
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a. Fabric Components
--Nose, 14 identical compartments and tail.
--Two-ply layup construction of unidirectional uncured cord material.
--Fabric lapped over beads at nose and tail for joining to rigid parts.

--Flexible hemispherical bulkheads and compartments fastened together
with woven "Y" tapes.

b. Basic Material
--Two plies of uncured cord fabric.

--18 oz/yd2 of cloth each ply; 104 oz/yd2 total for two plies of coated
fabric, 25 mil gum each side.

. Seams
--No seams with two-ply layup on a form.
d. Cure
--Cured in an autoclave. The fabric portion of each compartment is on
a form and enclosed within a vacuum blanket.
e. Flexible Bulkheads
--Hemispherical ends fastened permanently to each end of the compart-

ment using woven "Y" tapes; inspection/clean-out port instailed in hemispherical
ends.

f. Foam Drag Skirt
-~-Formed separately and laced to tail section.
g. Rigid Nose
--Contains buoyancy, tow connection, fill/drain, and interfaces with
fabric.
h. Single Point Filling at Nose

--Hose manifold in nose. Sixteen hoses of different length are har-
nessed to outer surface of container.

An evaluation of the state-of-the-art of the fabrication techniques using
plies of uncured cord fabric to construct high-strength fabric for the container
compartments is based on experience. Attaining the required fabric strengths with
the selected materials is well within the state-of-the-art for this fabrication
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technique. Since seams are not present for design Approach 2 conceots, the same
comment applies. Seams are present for design Approach 2A concepts relative to
connecting the woven "Y" tapes to the container walls and the hemispherical fab-
ric bulkheads. The hemispherical bulkheads are also made of woven cloth seamed
and sewn tagether.

The lack of seams results in being able to use the data for the basic fab-
ric of design Approach 2 concepts for strength after immersion in chemicals.

A summary of the state-of-the-art is as follows:

Design Approach 2 2A

Fabricating Desired Matl Demonstrated Demonstrated

Obtaining High Seam or Fab{4 No Seams with |Seams Associated
ric Strengths with Selected| This Technique [with Fab. Bulkheadd
Matl. . .

aini ; -+ Part of Basic Part of Basic
§$§“;€;239H1ghigegz1ggtggb Matl. Testing Matl and Seam Test-
‘ Enem. . ing

4. Technical and Development Risks for Design Approach 3 Container Concepts

Two container design concepts are presented in Figures 27 through 29. The
basic fabric part consists of continuous filaments wound on a male mold. The
metal parts for attaching the segments together are incorporated in the fabric
during the winding process. The drag loads are carried by central cables. The
basic differences between the two container design concepts are the number of
segments and the number of filling/discharging points. Approach 3 container
design concepts have 25 nearly spherical segments that have individual fill/
discharge points. Approach 3A container design concepts have 14 cylindrical
segments and a manifold system with the hoses passing through the center of the
rings attaching the segments together, Figure 29.

The fabrication technique for Approach 3 container design concepts includes:

a. Fabric Components
--Nose, 25 identical spherical chambers, and tail.
--Filament wound spheres of 8 feet diameter.
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Basic Material

--Filaments wound over gum on male form.

--Two plies of filaments wrapped at angles over total surface.
--Five additional hoop plies over the short cylindrical portion.
Seams

--No seams with continuous filaments.

End Fittings

--Incorporated during winding process.

--Facilitate mandrel removal after construction.

--Facilitate part inspection, cleaning and repair.

Cure

--Cured in an autoclave. The fabric portion of each segment is on a form

and enclosed within a vacuum blanket.

-
£

The

Foam Drag Skirt

--Formed separately and laced to tail section.

Rigid Nose

--Contains buoyancy, tow connection and interfaces with fabric.
Individual Filling and Draining Provisions for each Segment.

fabrication technique for Approach 3A container design concepts includes:

Fabric Components

--Nose, 14 identical cylindrical segments, and tail.

--Filament wound cylinders of 8 feet diameter and 12 feet length.
Basic Material

--Filaments wound over gum on male form.

--Four plies of filaments wrapped at angles over total surface.
--Additional hoop plies and gum added to the cylindrical portion.
Seams

--No seams with continuous filaments,

End Fittings

--Incorporated during winding process.

--Facilitate mandrel removal after construction.

--Facilitate part inspection, cleaning and repair.
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e. Cure

--Cured in autoclave. The fabric portion of each segment is on a form
and enclosed in a vacuum blanket.
f. Foam Drag Skirt
--Formed separately and laced to tail section.
g. Rigid Nose
--Contains buoyancy, tow connection, manifold assembly and interfaces
with fabric.
h. Single Point Filling at Nose
--Individual hoses go from manifold, through rigid rings connecting the
segments and into the individual segments.

An evaluation of the state-of-the-art of the fabrication technique using
plies of wound filaments constructing high-strength segments is based on judg-
ments using the selected materials. The technique has been established for
high-strength components using liquid elastomers. Only limited experience is
associated with the use of elastomers in gum form. Thus, the technique has
to be demonstrated with the chosen materials to further establish the state-
of-the-art.

The lack of seams allows the use of data for the basic fabric for both Ap-
proach 3 and Approach 3A design concepts for initial seam strength and after
immersion in chemicals strength values for the container.

A summary of the state-of-the-art is as follows:

Des.gn Approach 3 3A
Fabricating Desired Matl. Technique Requires Technique Requires
Obtaining High Fabric Dev. for Selected Matl. Dev. for Selected Matl.
Strengths with Selected Demonstrated with Demons trated with

Matl. Other Elastomers Other Elastomers
‘Retaining High Fabric Part of Basic Matl Part of Basic Mat)
StrengthsCAZmSelected Testing Testing




5. Summary of Technical and Development Risks for Flexible Container Design Approaches

The major factors related to the technical and development risks for construct-

ing the containers are listed in Table 28. The factors with numerical values re-
flect simple ratios between the values for containers designed for chemicals with
a specific gravity of 1.9 and the values for containers designed for a specific
gravity of one. The values illustrate the changes required to carry the heavy
chemicals. Required fabric and seams strengths are 1.6 to 1.7 times those for
chemicals with a specific gravity of one. Weights and packed volumes increase
even more because of the added material for the buoyancy provisions.

Construction state-of-the-art listings consider the selected materials and
the selected fabrication techniques. The listings are based on experience and
judgments. The materials for design Approaches 1 and 2 can be made using state-
of-the-art methods. The material and fabrication technique for Approach 3 needs
to be developed. The technique has been demonstrated using other elastomers.

Development is also associated with obtaining high-strength seams in Ap-
proaches 1 and 1B designs where lap joints are used to assemble the woven fab-
ric panels. Limited testing is associated with demonstrating the fabrication
technique for Approach 1A designs. No seams are associated with Approach 2 and
3 design concepts. A typical selection for constructing high-strength pressurized
structures, such as tires, is using gum and plies of cord fabric. Filament
winding is also a typical selection for high-pressure system, such as, rocket
cases and pressure bottles. However, the elastomer is normally in liquid form
instead of gum form.

Retaining the high seam strengths in the selected chemicals is listed as
requiring limited testing for Approaches 1 and 1B since the basic materials will
have been tested for chemical compatibility. The only seam requiring develop-
ment testing in the chemicals is associated with Approach 1A where large lap seams
have limited or no sewing. This development is associated with assuring that
the seams do not peel after chemical exposure and flexing.
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6. Technical and Development Risks for Liner Concepts

The liners are associated with the Butyl-Polyester cloth fabric tanks, and
they upgrade the tanksso they are compatible with all of the chemicals not
compatible with the Nitrile (High-Vinyl)-Nylon cloth fabric tanks.

Three materials and the associated techniques for constructing the liners
were selected for further investigation.

a. Teflon-Glass cloth fabric liner--This material is available in rolls as
a finished fabric. The €abric must be seamed and sealed to prevent leaks. The
strength requirements are based on handling, and relative motions between the
Tiner and the structural fabric liner is large enough so that it bears against

the container structure and the container structure carries the large pressure
loads instead of the liner. Thus, liner material strength and seam strength
requirements are very nominal.

To attain a seal with these chemicals, it is required that the Teflon sur-
faces be fused together at 700°F and still remain flexible. Fabricating flexi-
ble liquid tight seams needs to be demonstrated. Only one company
is distributing the fabric, and they have quoted to GAC for fabri-
cating flexible liners of this material for design Approach 1.

b. Viton-Teflon cloth fabric liner--This material is available in rolls
as a finished fabric. The strength irequirements for handling and relative mo-
tion can also be met with this fabric using state-of-the-art seaming techniques.
Several companies can construct flexible liners from these materials. The seams
are flexible and considered to be state-of-the-art.

c. Adding a 25 mil Viton coating directly onto the Butyl coating--This
approach requires investigation to determine whether the desired Viton coating
will bond to the selected Butyl coating.

Attachments are required toposition either of the first two fabric liners
relative to the structural fabric. The use of mechanical tension ties between
patches on the structure and on the liner is one approach. Some development
will be required because of the differences between the elongation characteris-
tics of the liner and of the structure under the different loadings and with
the frictional forces between the surfaces.
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7. Total System Development Costs

Contractor total system development costs include contractor-supplied ef-
forts and materials through the Prototype Test and Operational Evaluation
Phase IV of Figure 40. The costs were estimated for all of the container de-
sign concepts presented. The factors used for generating the costs include:
a. Containers are designed to carry 25,000 gallons of chemical with a
specific gravity of 1.9, :
| b. The selection of either Nitrile-Nylon or Butyl-Polyester fabric has i
‘ Tittle significance on total system development costs.
c. The chemical containers have 25 mils of coating on the inner and outer
surfaces for protection against the chemicals and for wear.
d. Assembly and final check out before shipment.
e. A common time period for all labor rates and material purchases.
f. The costs for fabrication aids related to the container concept.
g. The costs for 14 containers in the total program. Only six of the con-
F tainers have liners in the program for containers with liners.
h. Towing tests of full-scale containers by the U.S. Coast Guard with GAC
support.
The contractor system development costs for all concepts were then divided
by the cost of the system that is the least to obtain the relative cost ratios
lTisted in Table 29.
The systems resulting from design Approaches 2 and 2A with the demonstrated
construction methods to obtain the required container strengths are the most
by, costly. These costs are associated with the costs of fabricating the containers.
Approach 2 designs have many expensive stainless steel bulkheads and valves. Re-
placing the stainless steel bulkheads with fabric bulkheads in design Approach 2A
doubles the number of bulkheads and requires considerable sewing to attach the
"Y" tapes to the bulkheads, to the compartments, and to beads for connecting the
compartments together.

The systems resulting from design Approaches 1, 1A, and 1B with requirements
to develop high-strength seams are less costly than systems using design Approach
'3 2 concepts. The lesser costs reflect the reduced costs for constructing con-

tainers. The least costly of these containers results from design Approach 1A 1
éf where sewing is minimized by use of the 2-ply construction with the very wide
| vulcanized seams.

R A "2
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TABLE 29--CONTRACTOR TQTAL SYSTEM DEVELOPMENT COST RATIQS

Concept W/0 Liner With Liner
1 1.6 1.8
1A 1.1 1.3
18 1.6 1.8
2 2.5 2.8
| 2A 2.5 3.0
3 1.7 2.2
3A 1.0* 1.5

i
|
i 1y 1 million 1980 dollars |
' * I through III, a value of 1 equals approximate nill
l Eg: gaz:z: I th:ough 1V, a value of 1 equals approximately 3 million 1980 dollars.

{ The least costly program results from design Approach 3A that requires

i development of the construction technique using the selected elastomer in
uncured gum form as compared to other elastomers in liquid form. The greater
3 cost of the program for containers resulting from design Approach 3 reflects
the greater container costs due to the many valves.

The relative costs of programs with the same container systems that include
Tiners in 6 of the 12 containers are listed in the last column of Tahle 29.
GAC costs for constructing Viton-Teflon claoth fabric liners and vendor costs
. for constructing Teflon-Glass cloth fabric liners were similar for design Ap-
i proach 1 containers,and GAC costs were used for the liners for the containers

resulting from the other design Approaches.

8. Operational Hardware Production Costs

The hardware production costs are based on building 10 units and includes
amortizing the costs of fabrication aids over these units. A common rate per-
iod was used for the effort, and the costs for these units was divided by the
cost of the units that is the least to obtain the relative cost ratios listed
in Table 30.

The relative costs of systems with liners includes liners in one half of
the systems and are presented in the last column of Table 30. The matrix pre-
sented in the Table also lists the items considered in making up the relative
production costs. Nonrecurring fabrication aid costs were similar ror the

different container design concepts and fabrication approaches and had little
affect on overall production costs.
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H. Detailed Development Approach, Schedules, and Costs

1. General

The proposed program schedule was presented in Figure 40. The first four phases
include all efforts prior to supplying operational hardware in Phase V.

2. Preliminary Design--Phase I

The schedule for the preliminary design efforts is presented in more detail in
Figure 41 and consists of two parts. The first part establishes the filament winding
technique for constructing chemical container concepts for design Approach 3A. This
construction technique has a technical advantage in that it is seamless and its strength
is not restricted by the state-of-the-art for seam strengths as are the construction
techniques for design Approaches 1, 1A, and 1B. The filament winding construction tech-
nique also can lead to the least costly system because it uses machinery compared to
the extensive hand labor associated with design Approaches 1 and 2.

e ——

The efforts for part one include:

a. Design of a model for establishing the filament winding technique for construct-
ing chemical containers made from Nitrile/Nylon and Butyl/Polyester materials and pre-
aring for their fabrication.

b. Eight models. five of Butyl/Polyester materials and three of Nitrile/Nylon,will
be made to establish the processes.

c. Testing of the models to determine the ultimate load capability of the fabric
and testing samples of the fabric for quality; ie, peel, adhesion, and porosity.

The efforts for part two are typical preliminary design efforts and include:

a. Updating the container requirements based on results from this study and other
U.S. Coast Guard studies.

b. Establishing a baseline container concept for preliminary design analysis.

c. Conducting a structural analysis to refine the loads and weights.

d. Reviewing operations to refine requirements for packing, deploying, inflating,
filling with chemical, towing, discharging, retrieving, refurbishing, repacking the sys-
tem, and for any special equipment. !

e. Preparing and testing samples of the selected container and liner materials in '
the listed chemicals. Specifically, in the chemicals that the materials are rated as '
being a probable yes (PY) for compatibility.
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The purpose of the total Preliminary Design efforts is to define and docu-
ment the design in sufficient detail for a formal Preliminary Design Review
(PDR) that can result in an approval.to start the Detailed Design Phase (II).

Documentation covering the design effort includes test reports, analysis
reports, and preliminary design drawings presented as separate items and as
part of the PDR information. Progress reports, cost reports, and a final re-
port completes the proposed program documentation.

A program of approximately nine months duration is proposed for both parts.
Additional one-month periods are indicated for U.S. Coast Guard review of the
draft and for resubmittal of the Final Report.

3. Detail Design--Phase II

This phase, Figure 42, generates the detail design drawings and specifica-
tions and supporting data and analysis required for a Critical Design Review
(COR) that can result in an approval to fabricate the pre-prototype units for
testing and evaluation in Phase III.

The detail design is supported by the results from testing that includes:

a. Tests of samples of the materials and seams for the container struc-
ture and liner;

b. Tests of full-scale components of the container and liner;

c. Towing tests by USCG and GAC personnel of an approximately one-half
scale container system for establishing a stable towing configuration; and

d. Packing and deployment tests using the large model.

The analysis will include:

a. Stress analysis of the system, components, and parts.
b. Weight, balance, and buoyancy analysis;

c. Towing drag and towing stability analysis;

d. Operations;

e. Defining special equipment; and
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5 f. Refining and detailing performance, delivery and costs on selected
materials and components.

Fabrication efforts will include:

a. Constructing material samples of the container and liner fabrics;

b. Constructing full-scale container components;

c. Building a one-half scale container system;

Y d. Defining area and equipment requirements for building the large model;

3 e. Defining fabrication aids required for building the large model; and

¥ f. Defining and preparing Advanced Material Releases (AMR) for Tong lead
items needed to construct the large model.

Documentation includes test reparts, analysis reports, and the detailed
design drawings as separate items and as part of the CDR package. Progress
reports, cost reports, and the final report document the program efforts. An
11-month program is proposed with an additional month for U.S. Coast Guard
review and approval of the Final Report.

4. Preprototype Test and Evaluation--Phase III

This phase, Figure 43, builds two preprototypes to the detail design draw-
ings and specifications, tests the prototypes, and evalutes the design rela-
tive to the technical and operational requirements.

Two full-scale container systems are constructed for U.S. Coast Guard
testing with GAC supplying test support personnel. The tests include those
associated with aoperation of the system and the performance of the container
when carrying liquids of different densities.

o A preliminary operations manual will be generated prior to the tests, and
“ it will be refined and updated where needed during the test period. The final
manual will be submitted as part of the program documentation that includes f
the final specifications and the final detail design drawings. ¢

Other program reports include the progress reports, cost reports, and the
final Report. A 18-month program is proposed with an additional month for
' U.S. Coast Guard review and approval of the Final Report.
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5. Prototype Operational Evaluation--Phase IV

This phase, Figure 44, constructs 12 container systems for evaluation by

different U.S. Coast Guard Centers with GAC supplying test support during the

first six months of testing. Six of the 12 container systems have liners.

This phase runs for approximately one year and is based on a U.S. Coast
Guard testing period beginning 6 months after the start of this phase.

Documentation consists of progress cost reports and updates of the drawings,
specifications, and operations manual.
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Study of Other Container Concepts

1. Other Container Concepts Considered

Three basic container concepts other than all flexible were considered
relative to the 3.1 Technical and Operational Requirements and included rigid
containers, expandable containers, and modifications to present all-flexible
containers to carry chemicals with specific gravities greater than cne that
can be contained by their fabrics. Typical design concepts were generated
for each container type to describe each design, its physical characteristics,
and to determine its attractiveness relative to the rest of the container de-
sign concepts.

2. Rigid Chemical Containers

a. General

Rigid container concepts were designed for maximum capacity consistent
with the transportationenvelope limitations. With this approach the rigid
container capacity is only a fraction of the desired 25,000 gallons.

b. Candidate Materials

The rigid container structure can be made of many candidate materials.
If stainless steel is selected, the structure itself can contain the chemicals.
If less expensive structural materials are selected; such as, carbon steel or
fiber-glass, then a liner must be included to contain all of the chemicals.
Bonded on glass or Teflon are candidate materials for rigid container liners.

The materials for auxiliary buoyancy are the same type of fabric materials
as selected for the twin buoyancy cylinders of design Approach 1 container i
concepts. Because of the larger diameters of these buoyancy cylinders, the
strength of the fabric for the buoyancy cylinders approaches that for the
chemical container itself for the concepts resulting from design Approach 1.

< o oo
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c. Typical Design Concepts

A typical design concept for a rigid container with auxiliary flotation
and a typical design concept for a rigid container with integral flotation
are presented in Figures 45 and 46, respectively.

A stainless steel container with auxiliary buoyancy cylinders and a capa-
city for 8,117 gallons of chemical that has a specific gravity of 1.9 can fit
within an 8 x 8 x 26 envelope. The draft of the system is 11 feet.

The container concepts with integral buoyancy can be only partially filled
with 3,615 gallons of chemicals with a specific gravity of 1.9. This container
will take a spar buoy attitude since the fluid flow is not restricted by the
volume of air. Approaches; such as, using internal foam cylinders or internal
air cylinders to distribute the chemical and eliminate the tendency of the
container to take a vertical attitude have to be protected from the chemicals
and would be more useful as exterior flotation devices. Another approach
would be to add a bulkhead and fill one compartment completely.

A second fill valve could be added for filling both compartments
with less dense chemicals. A torus is indicated around one end of
the container to orient it for filling and discharging chemicals.
This container system concept is towed in a vertical position.
Towing it at one end with a partially filled tank can lead to vio-
lent bpitching about a horizontal attitude.

The pallets are an integral part of the container design concept for trans-
#‘ mitting handling and towing loads. The pallet also acts as a flow separation
a fence when the container is towed in a vertical attitude. The draft of the
system with a maximum capacity of a chemical with a specific gravity of 1.9 is
approximately 25 feet.

-

d. Towing Drag

The towing drag of a rigid container with auxiliary flotation cylinders is
based on the drag of the container plus the drags of the twin flotation cylin-
ders, including an interference factor. The interference factor applies when
the twin cylinders are less than one diameter apart, Reference 11.

e P e
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The total drag of this design concept is:

D = |C xS _+ XCh S q
Total [chc cc DBc BC]

Drotal = [(.8 x 47.2) + (1.2 x .8 x 26.4)] 284 = 17,922 1bs/ @ 10 kts.

Where :

SCC= 47.2 sq. ft.; SBC = 26.4 sq. ft.

1/2oV8 = 284 PSF @ 10 kts.

o
1]

The total drag of a rigid container with integral flotation and towed
while it is in a vertical attitude is:

DTota] = CD Sq=.75x 208 x 284 = 44,300 1bs @ 10 kts

Where :

CD = .75

8 x 26 = 208 sq. ft.
284 PSF @ 10 kts.

£0
(]

e. Typical Strength Requirements

1) Container with Auxiliary Twin Buoyancy Cylinders

The rigid tank,being large and subjected to handling Toads, was estimated
to need a wall thickness of 3/8 inches. The tank was then investigated rela-
tive to pressure stresses due to a full load of chemicals with a specific grav-
ity of 1.9.

Pressure Stress = ¢ = Ap%-= 2,845 ZZ§Z§7§ %7 = 2,450 psi
Where : Ap = «pH, = = dynamic factor = 2

= density of chemical = 1.9 x 62.4, PCF.
= wave height = 12 feet

container radius = 7.75/2, ft.

= container thickness = 3/8, inches

¢ XV T O
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E
F‘ This stress compares with a yield strength value of 30,000 psi for steel.

5 Thus, a D.F. of 2%4%%%- or approximately 12 is available.

: The pallet frame is estimated to weigh 1,500 pounds for supporting the
tank.

The twin buoyancy cylinders were positioned to minimize the foatprint or

1 force against the container while minimizng draft requirement. They were sized
] to provide 6 percent excess buoyancy when the container is filled with chemi-

1 cals with a specific gravity of 1.9,

Buoyancy system requirements is the total weight of the system minus the
weight of water displaced by the container or:

Fauoyancy = 106 [(1.9 x 62.4 x 1,085) - (64 x 1,085) + 11,225]

Where : Volume disp. by container = 1,085 cu. ft.
Wt. of system in air = 11,2251bs, and

FRuoyancy = 75,000 1bs. total
Oisplacement Required= 75,000 _
7 x 64 586 cu. ft. each

Thus, the cylinders need to be 5.81 feet in diameter. The operating pressure
to maintain displacement with waves 12 feet high is 16.7 feet of water.
Static stress G = pR = 16.7 x 54(?53%> Tz = 259 1bs/inch

Dynamic stress = 2¢S = 2 x 259 = 518 lbs/inch
Ultimate stress= DF (ZVS) = 4,8 x 518 = 2,484 1bs/in., which is very simi-
1ar to the material requirements for the containers for design Approach 1 components.

2) Container with Integral Flotation

The rigid tank design is based on the handling loads. The pressure loads
are less because the tank is only partially filled.

The pallet frame is estimated to weigh 2,000 pounds because of the greater
towing lgads and stability provisions.

The attitude control torus is positioned on one hemispherical end so it
remains in place after inflation. It is sized todisplace 5 percent as much
water as the basic container.

Thus, displacement = .05 x 1,085 = 54.25 cu. ft.
Where : Vol. of container = 1,085 cu. ft.
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The size of the torus meeting the positioning and displacement requirements i
has an inner diameter of less than 7.74 feet and a maximum diameter of 9.5
feet. The diameter of the torus section = 1.74 feet. The operating pressure
is 16.7 feet of water for water 12 feet high.

The static stress, GS

H

(R+r)cos© | _ pr
EZ' [ 1R+r§coso-r:\~ 2 (2.315)

87 2.315
S ]6.7X64X—2- -—2——-8971bs/1nch

a
"

Dynamic stress ZTS = 179.4 1bs/inch

Ultimate stress = DF x 20 = 4.8 x 179.4 = 861 1bs/inch

Thus, constructing the torus of woven materials is well within the state-of-
the-art.

f. Weights and Packed Volumes

The estimated weights and packed volumes for the two rigid container de-
sign concepts are presented in Table 31 for several candidate materials. The
rigid container comprises the greatest weight and packed volume of the system.
The cylindrical container is sized to occupy the allowable transportation en-
velope with the auxiliary portions of the system packed in the lower quadrants
of the envelope; ie, between the cylinder and the pallet. The weights and vol-
umes of the twin buoyancy cylinders correspond to the sizes required to sup-
port the container when filled with a chemical having a specific gravity of

1.9. The total weight is within the 15,000-pound limits of the 3.1 Require-
ments.

g. Deployment Sequence and Equipment

The major elements in the selected sequence for operating the rigid con-
tainer concept with twin buoyancy cylinders include:

1) Either deploying the container attached to its pallet frame using
a crane or sliding the total system into the water. The required lifting capa-
bility greatly exceeds the 1,000-pound limit of the 3.1 Requirement. To easily
slide the total system into the water requires an interface structure between
the pallet frame and the craft.
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2) The rigid container provides its own initial buoyancy.

3) Air is added to the twin buoyancy cylinders until they are full and
pressurized using an auxiliary air supply.

4) Chemical is pumped into the container until it is full. A pressure
relief valve allows the air to exit.

5) Towing is conducted.

6) The chemical is pumped out. A negative pressure valve allows air
to enter the container.

7) The air cylinders are deflated.

8) The container on its pallet is lifted aboard for refurbishment, re-
packing the flotation system, and reuse.

The twin buoyancy cylinders are pressurized to maintain their volumes un-
der wave heights of 12 feet. The volume corresponds to floating the system
when filled with a chemical having a specific gravity of 1.9. The operating
pressure is 1,069 PSF. The displacement volume is 587 cu. ft. for each cylin-
der. The work associated with filling the cylinders is PV = 7,069 x 2 x 587
1bs. ft. 1If the work is accomplished in one hour, the horsepower developed
is:

) PV _ 1,255,006 _
Horsepower = +r— 530 = T.980.000

’

.6

The selected air source will require a larger rating to overcome line losses
and to reflect the efficiency of the system.

The major elements in the selected sequence for operating the rigid con-
tainer concept with integral buoyancy and an attitude control torus include:

1) Either deploying the container on its pallet using a crane or
sliding the container on its pallet into the water.

2) The rigid container provides its own buoyancy.

3) Air is added to the attitude control torus using an auxiliary air
supply.

175




o e e,

4) Chemical is pumped into the container until it reaches its opera-
ting draft 1imit. A pressure relief valve allows air to exit.

5) Towing is conducted with the container in a vertical position. The
pallet acts as a flow separator for towing stability.

6) The chemical is pumped out. A negative pressure valve allows air
to enter the container.

7) The torus is deflated.

8) The container on its pallet is lifted aboard for refurbishment, re-
packing the torus, and reuse.

The torus is pressurized to maintian its volume under a wave height of 12 feet.
The volume of the torus corresponds to displacing five percent of the volume
of the rigid container. The operating pressure is 1,069 PSF, and the displace-
ment volume is 54 cu. ft. The work associated with filling the torus is PV =
57,726 1bs/ft. If the work is accomplished in one hour, the horsepower devel-
oped is:

Horsepower = 33?6%%‘}“36 = .03
The PV of this unit is small enough that a bottle system may be desirable. The
volume of a 2,000 psi system can be estimated as follows:

(PV) = (PV)

Bottle Torus
(2,000 + 14.7)144 VBott]e = (1,069 + 2,116)54

VBottle = ,6 cu. ft. or 1,024 cu. in.

h. Summary of the Physical Characteristics of Rigid Container Concepts
for Chemicals with a Specific Gravtiy = 1.3

The major physical characteristics of the two rigid container concepts are
listed in Table 32. The rigid container capacities for chemicals with a speci-
fic gravity of 1.9 are 8,117 gallons with auxiliary flotation and 3,615 gallons
with integral flotation. These capacities are considerably less than the 25,000
gallons listed in the 3.1 Requirements. The towing drags exceed the values for
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the 25,000 gallon all flexible container concepts. The rigid material thick-

ness is based on handling considerations and survivability requirements. The

weights and packed volumes are within the limits of the 3.1 Requirements; how-
ever, they are considerably greater than the values for the 25,000 gallon all

flexible container concepts.

The rigid containers require a crane with a 1ifting capacity equal to
their total weights; ie, 7,200 to 12,250 pounds.

The requirements relative to receiving chemicals, useful operating temper-
ature range and providng initial flotation can be met with the design concepts.

The draft of the system concept with twin buoyancy cylinders is 11 feet,
and it slightly exceeds the draft limit of 10 feet while the draft of the de-
sign concept with integral buoyancy exceeds 25 feet.

3. Expandable Chemical Containers

a. General

Expandable container concepts were designed using aircraft pallet and

"Pillow Tank" technologies. The system consists of components similar to those
in production. Multiple units can be transported within the transportation
envelope of 8 x 6 x 26 feet.

b. Candidate Materials

A typical pallet structure is made of aluminum extrusions that are only
exposed to spills of the chemical. The "Pillow Tank" structure is Nitrile
(high Vinyl)}/Nylon cloth fabric or Butyl/Polyester cloth fabric. A liner of
either Viton/Teflon cloth fabric or Teflon/Glass cloth fabric is used to up-
grade the capability of the Butyl/Polyester cloth fabric container. The auxi-
liary flotation cylinders are made of the same fabrics as used for the flotation
cylinders of design Approach 1 container concepts.

¢. Typical Design Concept

A typical design concept for an expandable container with auxiliary flota-
tion for carrying 5,000 gallons of chemical with a specific gravity of 1.9 is
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presented in Figure 47. The pallet acts as a "spreader bar" between the twin
flotation cylinders supporting the container. The sealed "Pillow Tank" is
attached to the pallet using a series of clamps around a bead strip attached
to the "Pillow Tank." The packed thickness of the system is approximately one
foot, and multiple systems can be stacked within the transportation envelope

and weight Timits.

The twin buoyancy chambers are sized to float the system when the "Pillow
Tank" is filled to its capacity with chemicals having a specific gravity of
1.9.

One possible multiple segment container approach is to connect pallets to-
gether to form a train of individual containers. A single fill/discharge point
is possible by adding longitudinal hoses and "Tees" for connecting all of the
hoses together.

The draft of the system with a maximum capacity of a chemical with a speci-
fic gravity of 1.9 is 9.7 feet.

d. Towing Drag

The towing drag of an expandable container with auxiliary flotation cylin-
ders is based on the drags of the "Pillow Tank," the pallet, and the twin
flotation cylinders including any interference factor. The factor only applies
when the twin cylinders are less than one diameter apart. For this configuration
the cylinders are 1.25 diameters apart, thus X = 1. The total drag of the con-
cept is:

DTota] = Drag of Pillow Tank + Drag of Pallet + Drag of Flotation Cylinders
xS ) + <F x S,] + (xc xS ) q
[(:DPT PT Dp P} D BC BC

(.6 x 30.5) + (1.0 x 1.6) + (1 x .8 x 25.1i 284

11,350 pounds
Where :

0 =.6; Chb =1.0;C = .8 X=1.0
PT DP DBC
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S BC - 4

pT = 30.5 sq. ft.; SP =.2x8=1.6sq. ft.; S
q = 284 PSF at 10 kts.

The total drag of many units hinged closely together consists of the drag

x 2 =25.1 sq. ft.

of one individual unit representing the front half of the first unit and the
rear half of the last unit plus a portion of that value for individual units
in between to represent the shielded units.

Drag. . nits - Orag of one Unit + K(n-1) Drag of one Unit

11,350 + 2,270 (n-1), 1bs.
Where : K = 0.2 and n = number of units ;

e. Typical Strength Requirements

1) Pallet

The pallet chosen is made of extruded aluminum and is used with U.S. Air
Force air supply systems. Provisions are incorporated for locking the pallet
to the aircraft system. The pallets are strongenough for air carriage and
handling of the packed container systems. The pallets will also carry the
loads associated with towing individual filled containers. The use of pallets
§ in a train requires connections that allow freedom in pitch and roll between
pallets or the pallet structure will have to be reinforced. The weights of

the pallet materials with clamping provisions for the Pillow Tank include:

Basic pallet extrusion panels 1,477 1bs.
Edge members 62 1bs.
] Skids 291 1bs.
K Clamp bands 158 1bs.
L Total for Materials 1,988 1bs.
g Adding 20 percent for fasteners and towing provisions, the weight of the pa14
8 let is:
k!
1 Total Weight = 1.2 x 1,988 = 2,385 1bs.

2) Pillow Tank

The pillow is designed to have a static differential pressure equal to 5
feet of water when filled in still water, thus pg = 320 PSF. The pressure
differential due to the action of the waves 12 feet high considers a dynamic
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factor of 2 and the ratio of the container length to the 1/2 wave length times
the height of the waves. The pressure differential due to dynamics is:

8py = 2(1.9)(62.4)(26/130)12 = 569 PSF.

The 1imit load per inch in the fabric considering the shape of the membrane
with a flotation cylinder that has a lifting force (T) of 133.3 1bs per inch is:

Cimie = éESA—;-SABd x T = %g% 133.3 = 370 1bs/inch

The ultimate fabric strength requirement is 4.8 x 370 = 1,778 1bs/inch. A
design factor of 4.8 was chosen in place of 4.0 because of the lower efficien-
cies associated with the clamp attachment.

3) Flotation Cylinders

The flotation cylinders are large enough so that the container follows the
slope of the waves under all fill conditions. The selected operating pressures
considers the initial position of the cylinders in the water plus the action
of waves 12 feet high. Operating pressure is (4.7 + 12)64 = 1,069 PSF. The
cylinders that provide 5 percent excess buoyancy have the same cross-sections
as the flotation cylinders for the design Approach 1 containers and have the
same stress levels (see Appendix A).

Tension = 33.46 ?—% = 178.5 1bs/inch
Limit Load = ¢ x 178.5 = 2 x 178.5 = 357 1bs/inch

Applying a design factor of 4.8 for the reduced efficiency of the "Y" tapes,
the ultimate fabric stress (Ftu) is:

Ftu = 4,8 x 357 = 1,714 1bs/inch

f. Weights and Packed Volumes

The estimated weights and packed volumes for an individual expandable con-
tainer are presented in Table 33. The rigid pallet comprises the greatest
weight of the system. The pallet is sized to occupy the 8 x 26 feet portion
of the transportation envelope. The height includes the volume for packing
the fabric portions and being able to stack individual containers as packed--
on top of each other. The pillow tank size is based on a capacity of 5,000
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gallons. Its surface area is 530 sq. ft. The twin buoyancy cylinders' weights
and volumes correspond to the sizes and strengths required to support the sys-
tem when the container is filled with a chemical having a specifiv gravity of
1.9. The buoyancy cylinders have a nominal diameter of four feet. The fabric
area is 312 sq. ft. each.

The total weight and volume of an individual system are such that more
than one system can be carried within the transportation limitations. Based
on a volume envelope limit of 8 x 26 x 6 ft, six containers can be carried.
Based on a weight 1imit of 15,000 pounds, only four can be carried. The total
capacity of the four containers is 20,000 gallons of chemical with a specific
gravity of 1.9.

g. Deployment Sequence and Equipment

The major elements in the selected sequence for operating the expandable
container include:

1) Either deploying the system using a crane or sliding the system
into the water. Lifting requires a crane with a capability of 3,349 pounds.

2) The twin buoyancy cylinders contain foam strips to provide initial
buoyancy.

3) Air is added to the twin buoyancy cylinders until they are filled
and pressurized to the design operating pressure using an auxiliary air sup-
ply.

4) Chemical is pumped into the tank, expanding the tank.
5) Towing is conducted.

6) The chemical is pumped out, collapsing the tank.

7) The air cylinders are deflated.

8) The container is lifted aboard for refurbishment, repacking of the
Pillow Tank and the air cylinders, and for reuse.
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The twin buoyancy cylinders are pressurized to maintain their volumes un-
der wave heights of 12 feet. The total volume corresponds to floating the
system when filled with a chemical having a specific gravity of 1.9. The
operating oressure is 1,069 PSF, and the total volume is 637 cu. ft.

The work associated with filling the cylinders is PV = 680,953 1bs.ft. If
the work is accomplished in one hour, the horsepower developed is:

Horsepower = 3 Ogvx €0 = .34

Thus, the horsepower required for the air supply system is fairly small.

h. Summary of the Physical Characteristics of an Expandable Container
Concept for Chemicals with a Specific Gravity = 1.9

The major physical characteristics of an expandable container concept are
listed in Table 34. The capacity of an individual container is 5,000 gallons
of chemical. That maximum number of containers, based on transportation limit-
ations, is four;and their capacity is 20,000 gallons of chemicals. The towing
drag of an individual container and of more than one container in a series are
listed. The drag value for one container is similar to the value for a 25,000
gallon all flexible container. The strengths of the fabric materials are
based on surviving the actions of waves 12 feet high. The materials used in

available aircraft pallets are based on handling and aircraft safety requirements.

The weights and volumes are within the transportation limitations; however,
the weight of one unit approaches the values for the 25,000 gallon all flexible
container concepts.

The expandable containers require a crane with a 1ifting capacity equal to
the weight of an individual unit; e, approximately 3,349 pounds.

The expandable container design concept can meet the requirements relative

to the deployment time to receive chemicals, operating temperature range, and
providing initial flotation.

The draft of the system concept, 9.7 feet, approaches the limit of 10 feet.
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4. Typical Concepts for Modifying Present All-Flexible Containers

a. General

Concepts to modify present all-flexible containers were based on only in-
creasing the buoyancy capability of these units. Two present containers were
investigated; ie, the Dracone model D and model F. The chemical specific
gravity selected for design was based on the most dense chemical that the
faoric materials of these units can contain. Design material strength of
1,000 1b/inch znd 1,400 1b/inch, respectively, were then used to determine
the limiting wave height for survivability with the most dense chemical that
the fabric material can contain for 200 hours. The strength, weight, and
volume of the auxiliary flotation cylinders were calculated for the same de-
sign condition limits that were calculated for the basic container. The
weights and volumes for the flotation cylinders were added to the published
values for the Dracone units.

b. Investigation of Design Materials for Chemical Compatibility and
Determining Chemical Specific Gravity for Design

The results of the chemical compatibility efforts are listed in Table 35.
Eleven of the chemicals can be contained by the fabric material, and three of
the eleven chemicals have specific gravities greater than one. Two of the
heavy chemicals, caustic soda and copper fluoroborate,have specific gravities
of 1.5 and 1.54, respectively. Thus, a chemical specific gravity of 1.54 was
selected for design of the flotation cylinders and determining the performance
1imits of the modified containers.

c. Typical Design Concepts

Typical design concepts for modifying twa of the present all-flexible con-
tainers so they can carry chemicals with a specific gravity of 1.54 are pre-
sented in Figures 48 and 49. The containers are modified by attaching twin
flotation cylinders. The cylinders must support the container when it is
full and when it is partially filled and 1imp. The cylinders are continuously
attached along the central chemical container to transmit the drag and flota-
tion forces under all conditions. The drafts of the two systems are 6.3 feet
and 12 feet, respectively, when filled with a chemical having a specific
gravity of 1.54.

187

L s



TABLE 35--MATERIAL COMPATIBILITIES WITH CHEMICALS, CHEMICAL
SPECIFIC GRAVITIES, AND REQUIREMENTS FOR AUXILIARY FLOTATION

Material Compati-

Auxiliary Flotation

bility Nitrile (Med) Required for
u.5. Coast Guard Nylon Yes or No, Chemical Specific Compatible Chemicals

Hazardous Chemical List 200 hrs. Gravity @ 20°C Yes or No
Acetic Acid N 1.051 N
Acetic Anhydride N 1.08 N
Acetone N - 0.791 N
Acrylonitrile N3 0.8075 N
Ammonia (28% aq) N3 0.899 N
Benzene N 0.879 N
Caustic Soda (Solution) Y 1.5 Y
Copper Fluoroborate Y 1.54 Y
Copper Naphthenate Y 0.93-1.05 Y
Cresols N 1.03-1.07 N
Cyclohexane Y 0.779 N
Ethyl Acetate N 0.902 N
Ethyl Acrylate N 0.923 N
Ethyl Alcohol Y 0.79 N
Ethylene Dichlaride N 1.283 N
Hexane Y .659 N
Hydrochloric Acid N 1.19 N
Isopropyl Alcohol Y 0.785 N
Methyl Acrylate PN 0.956 N
Methyl Alcohol Y 0.792 N
Methyl Ethyl Ketone N 0.806 N
Nitric Acid (Conc.) N 1.49 N
0leum N 1.91-1.97 N
Pheno!l N3 1.058 N
Phosphoric Acid N 1.892 N
Styrene N3 0.906 N
Sulfuric Acid (Dilute) N 1.84 (98%) N
Toluene N 0.867 N
Turpentine Y 0.86 N
Vinyl Acetate N 0.934 N
Xylene m,p,0 N 0.864,0.861,0.880 N
Xylenol Ny 1.01 N
Hydrocarbon Fuels Y <1.0 N
Fresh and Sea Water Y 1.0-1.026 N
Chem. with Y Ratings n

Notes: See Table 2
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d. Towing Drag

The towing drag of the modified containers consist of the drag of the basic

container plus the drag of the twin buoyancy cylinders, including any inter-
ference factor. The total drag of the concepts are:

1) Modified Dracone D

D = lIC xS + (XC xS q
Total [:(DCC CC) ( DBC B()}

B.78 x 17.1) + (1.1 x .78 x 9)] 284 = 5,993 pounds

Where:

.78; X = 1.1; CD = .78; S
BC

9 sq. ft.; q = 284 PSF @ 10 kts.

17.1 sq. ft.

c
0
3 cc

2 SBc

cc

2) Modifed Dracone F

3 D = xS XC X S q
Total [ cc C(Q ( BC j

[(.78 x 46) + (1.2 x 78x284]284

-
"
1}

17,739 pounds

Where:

C .78; X =1.2; CD = .78; S
8C

28.4 sq. ft.; q = 284 PSF @ 10 kts.

0 cc 46 sq. ft.

cc
S

BC
e. Performance Limitations Based on Design Strength of Materials

1) Limiting Wave Height

Y S

The Dracone D has a diameter of 4.67 feet, is 103 feet long, and is made of
fabric with an yltimate tensile strength of 1,000 pounds/inch and a limit stress
of 250 pounds/inch with a design factor of 4. The limiting wave height can be ;
i calculated considering the limit stress, the static differential pressure, the h
'; design factor, the dynamic differential pressure, the shape, and other factors.

A

L i e

.
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Limit Stress =T = F_ /OF = (aPg + aPpH) 2.335

tu
(128 + 192.2H) 2.335 and H = 6.02, feet.

1,000

Where: AP = 2(64) = 128 PSF; APy = 2 x 1.54 x 62.4H = 192H,PSF

The Dracone F has a diameter of 7.67 feet, is 165 feet long, and is made
of fabric with an ultimate tensile strength of 1,400 pounds/inch and a limit
stress of 350 pounds/inch with a design factor of 4. The limiting wave height
can be calculated in the same manner.

Limit Stress = ( = Ftu/DF = (aPg + 4PpH) 2.335
1,400/4 = (144 + 192H) 2.335 and H = 4.95 or 5 feet.

Where: aP¢ = 2(64) = 128 PSF; APp = 2 x 1.54 x 62.4H = 192H,PSF

2) Flotation Cylinders for Operation and Limiting Wave Height

The buoyancy force required to float the D container filled with a chemi-
cal with a specific gravity = 1.54 is 580 pounds per ft. The nominal diameter
of each of the twin flotation cylinders is 2.25 feet, and the total surface
area of the two is 1,554 square feet.

The selected operating pressure in the cylinders is based on the wave
height and the distance the apex of the cylinder is underwater; ie, (6 + 3)64
= 576 PSF. From this operation pressure and the buoyancy force, the shape and
tension (T) in the fabric was calculated, Appendix D.

T/64 = 10.38 PSF or T = 10.38(%) = 55.4 1b/inch
Considering dynamics, ¥ = =T = 111 1b/in; « = 2

Ultimate Strength = 4.8 x 111 = 532 1b/inch

The buoyancy force required to float the F container filled with a chemi-
cal with a specific gravity = 1.54 is 1,047 pounds per ft. The nominal dia-
meter of each of the twin flotation chambers is 4.25 feet and at the total
surface of the two is 3,976 square feet.




The selected operating pressure in the cylinders is 7 x 64 = 448 PSF. From 1
this pressure and the buoyancy force, the shape and tension (T) in the fabric
was calculated, Appendix D.

T/64 = 13.08 PSF or T = 13.08(%%) = 69.8 1b/inch
Considering dynamics, T = «T = 140 1b/inch; « = 2
Ultimate Strength = 4.8 x 140 = 670 1b/inch

f. Weights and Packed Volumes

The estimated weights and packed volumes for the modified containers are
presented in Table 36. The weights of the basic container and towing hose
were determined from published information. The weights of the buoyancy cyl-
inders and attachments were calculated considering the strength and weights
of Nitrile/Nylon cloth fabric materials. The weights and packed volumes are
well within the requirements for the smaller unit. The weight of the larger
unit is approximately one half the weight limit.

* g. Deployment Sequence and Equipment

3 The major elements in the selected sequence for the modified units include:

F 1) Deploying the system by faked it into the water using a crane.
: The weight of the folds are less than the capability of a crane with a 1,000-
pound capacity.

2) The foam enclosed in the buoyancy cylinders provides initial buoy-
ancy.

3) Air is added to the twin buoyancy cylinders until they are filled
and pressurized to the design operating pressure using an auxiliary air supply.

4) Chemical is pumped into the central container expanding it.
5) Towing is conducted.
6) The chemical is pumped out, collapsing the basic container.

7) The air cylinders are deflated.

_ 8) The container is faked board for refurbishment, repacking, and
.3 reuse. ;
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The twin buoyancy cylinders are pressurized to maintain their volumes under
wave actions. The total buoyancy cylinder volumes are based on containers
filled with chemicals having a specific gravity of 1.54.

3
1) Modified Dracone D Cylinders, total :

™Y

PV = 576 x 933 = 537,400 1b/ft; P = 576 PSF; V = 933 cu. ft. {

PV

Horsepower = §§jﬁﬁﬁ’}“€6’= .27

i One Hour

"

2) Modified Dracone F !

t PV = 448 x 2,700 = 1,209,600 1b/ft.; P = 448 PSF; V = 2,700 cu. ft.

PV

Horsepower = = .61
One Hour 33,000 x"60

Thus, a relatively small air supply system can inflate the cylinders in one
hour.

h. Summary of the Physical Characteristics of Present All1-Flexible
Containers Modified for Chemicals with a Specific Gravity = 1.54

The major physical characteristics of container concepts consisting of
modified present ali-flexible containers are presented in Table 37.

The smaller container carries less than the required 25,000 gallons. The
other container can carry more than 25,000 gallons.

The towing drags correspond to the all-flexible containers discussed as

design Approach 1, considering size and the specific gravity of the chemical
used for design.

Survivability limits are reduced for these containers because of the pres-
ent fabric strengths for the container.

The packed weights and volumes are within the transportation limits. In
fact, several of the modified smaller containers can be transported within
the limits of the 3.1 Requirements.

S L
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The values for the lifting capacity of the crane, the time to receive
chemicals, and the useful range of water temperatures for operating the sys-
tem all appear to be within the 3.1 Requirements. The draft of the smaller
container is 6 feet, while the draft of the larger container is 12 feet, com-
pared to the draft 1imit of 10 feet.

5. Advantages and Disadvantages for Other Container Concepts Considering
Operational and State-of-the-Art Factors

[tems selected for describing the advantages and disadvantages of rigid,
expandable, and modified all-flexible container concepts are presented in
Table 38. . The values presented are based on judgments for the operational
and state-of-the-art items. The ratings for the operational items are based
on how much more difficult it will be to operate these different container
concepts than it is to operate an all-flexible container system designed for
chemicals with a specific gravity of one. Ratings are from 1 to 5 and ratings
of 1 equal the same difficulty; 3 equal several times the difficulty; and 5
equal an order of magnitude increase in difficulty. The operational factors
include: transportability, training, deploying (including special equipment),
filling, towing, discharging, retrieval, and refurbishing (including repack-
ing).

Transportability is based on the packed weight and the packed volume of
the container. Container weights range from two to eight times the weights
of an all-flexible container designed for chemicals with a specific gravity
of one. The packed volumes are limited by the transportation requirements
for the rigid containers. The ratings are associated with the relative weights
and bulks of the containers to that of an all-flexible system.

More difficulty in training is associated with teaching any added opera-
tions associated with providing bucyancy and controlling its air pressures,
fillina/discharging, towing, connecting, and refurbishing the containers. All
designs require the crew to operate an air system to inflate either a flota-
tion or attitude control system. Training effort is judged to be approximately
two times that required for an all-flexible container designed for chemicals
with a specific gravity of one.
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The difficulty of deploying the container is associated with placing it into

the water, extending it in some designs, and adding all of the air for flota-
tion prior to loading the chemical. The difficulty of placing it into the
water is associated with the container's weight, bulk, its flexibility, and

the technique used to pack the container. The weight of the heaviest segment
was used as the basic criterion. Extending the modified all-flexible container
to its length should be of the same order of effort as for other all-flexible ,
containers. Rating for adding air to the flotation cylinders or to the atti- i
tude control torus is associated with number and location of fill points.

The difficulty of filling the container with chemicals is associated with
the number of fill points and any other operations necessary to accomplish
filling. The rigid container concept has a single point for filling. The
expandable container can consist of several units; however, a single filling
point appears reasonable. Concepts that modify present all-flexible containers
retain the single fill point for the chemicals.

The difficulty of 1imiting the exposure of personnel to the chemicals is
associated with the number of hose connections to be made and whether the men
might be exposed to spilled chemicals in the water. Containers with single

fi1l points for the air and for the chemical were judged to have exposure po-
tentials equal to the present systems.

Towing difficulty is associated with container drag and stability during
tow when it is filled to capacity and when it is partially filled. Rigid con-
tainer concepts are blunt, have considerable drag, and require testing for
towing. The shapes of the other container concepts also require testing to
develop the bridie shape and fence shapes for successful towing.

The discharging function is similar to the filling function and the same
ratings are repeated.

The relative difficulty in retrieving the containers is associated with
the weight of the heaviest segment that must be placed on board with a crane.
The ratings are similar to those for deployment.




The relative difficulty for refurbishing the containers is related to
cleaning, checking out, repairing, and repacking them considering any special
equipment. The difficulty of cleaning the containers may be similar for one
large or several smaller containers. Checking out the container's flotation
cylinders or attitude control torus will require an air supply system not
normally available. Factory air supplies normally are low-volume, high-pres-
sure systems that require long time periods and excessive horsepower to ac-
complish a check-out task. Repairing the large containers with single
compartments will be more difficult than repairing smaller containers. In
fact, a badly damaged expandable container unit can be removed from a con-
tainer train for its operation at a reduced capacity. Difficulty of repacking
the containers is associated with weight, bulk, and the amount of items to be
repacked.

Fabrication state-of-the-art ratings consider the state-of-the-art for
constructing containers of candidate materials, the state-of-the-art for seam
strengths, and the state-of-the-art for retaining seam strength after immer-
sion in the different chemicals. The rigid containers use state-of-the-art
techniques for the rigid structure. The flotation cylinder fabrics are
woven cloth and require seams. The basic fabrication process is state-of-the-
art with the fabric materials. Developing good efficiency seams with 2,400
pound/inch fabrics, however, will take engineering efforts. Sewn seams are
expected to retain an acceptable portion of their initial load capability
after chemical exposure. The rigid portion of the expandable container can
be constructed using state-of-the-art techniques that develop and retain high-
strength seams and joints. The fabric portion of the container can be con-
structed using state-of-the-art fabrics that are sewn and bonded together to
develop and retain high-strength seams. One pillow tank made from Nitrile
(High Vinyl) Nylon fabric and one made from Butyl/Polyester fabric with a
liner are candidates for containing all 34 chemicals. The seam strength re-
quirements are 1,700 pounds per inch. Testing will be required to confirm
initial and long-term seam strengths immersed in these chemicals.

Modifications to present all-flexible containers are based on their use
with 11 chemicals and limited sea state conditions. The basic container
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material and seam strengths are state-of-the-art. The materials and seam
strength requirements for the flotation cylinders are less than for the basic
containers. Attaching the flotation cylinders to the basic container using
"Y" tapes will require testing to establish efficient bonds.

The values in Table 38 have not been totaled because the relative impor-
tance of each of the factors listed has not been established. In general, the
expandable or the modified Dracone container concepts appear to be the most
desirable.

Physical factors were also used to rate the different container concepts,
and the results are presented in Table 39. Ratios were set up for each factor
so that values greater than one indicate it is less desirable for that factor
than present all-filexible containers,and values less than one indicate it is
more desirable.

The first factor is the inverse ratio of theconcept's capacity for chemi-
cals with a specific gravity of 1.9 relative to 25,000 gallons. The large
numbers for the rigid or a single expandable container indicate their limited
capacity. The second factaor is the inverse ratio of the concept's capacity
for chemicals with a specific gravity of 1.0 relative to 25,000 gallons.

The rating for draft is the ratio of the concept's draft with chemicals
having a specific gravity of 1.9 to six feet,which is the draft of a 25,000

gallon all-flexible container designed for chemicals with a specific gravity
of one.

The ratings for packed weight and packed volumes are ratios based directly
on the values for the weights and volumes of the individual container concepts
to hold chemicals with a specific gravity of 1.9 to the corresponding values
for an all-flexible container that carries 25,000 gallons of chemicals with a
specific gravity of one (1,520 pounds and 110 cubic feet, respectively).

Large values are associated with the packed weights and volumes for rigid
containers.
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Towing force ratings are based directly on the ratio of the container con-

cept's drag to the drag of a 25,000 gallon container designed for chemicals
with a specific gravity of one; ie, 6,200 pounds.

Since one of the container concepts cannot carry all 34 chemicals, a

rating based on the inverse ratio of the container’'s capability relative to
the other design was included.

The ratings in Table 39 have not been totaled because the relative impor- i
tance of each of the factors listed has not been established. In general, the
expandable container concepts appear to be the most desirable for carrying all
of the chemicals. If adding three chemicals to the eight that can be presently
carried by the Dracone units is significant, then modifications to those con-
tainers also appears as a desirable concept.

6. Operational Hardware Costs for QOther Container Concepts

The relative production costs are presented in Table 40 as ratios of the
costs to contain 25,000 gallons of chemical with these other container con-
cepts to the cost of single 25,000 gallon containers without liners resulting
from design Approach 3A.

TABLE 40--PRODUCTION HARDWARE COST RATIOS
OTHER CONTAINER CONCEPTS/DESIGN APPROACH 3A CONTAINER CONCEPTS

Qther Container Concepts Cost Ratio*for 25,000 Gallons

Rigid

--Auxiliary Flotation 2.1
--Attitude Control Torus 3.9
Expandable 1.0
Modified Flexible

--Dracone D 1.2
--Dracone F 1.1

*A value of 1.0 equals a unit cost of approximately 150 thousand
1980 dollars.




The relatively large costs for the rigid containers are associated with stain-
less steel costs. The lower costs for the expandable are based on pallet and
pillow tank technology. The costs of the modified Dracones are based on the
costs of the Dracone, the flotation cylinders, and their assembly.

‘ The values for these cost ratios can be directly compared with the cost
ratios in Table 30 for the flexible containers investigated in Task 1. Cost
1 ratio’svalues up to 3.3 times the cost of a design Approach 3A container con-

3 with integral flotation and an attitude control torus are Jess desirable than
any of the flexible containers for holding 25,000 gallons of chemical.
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SECTION IIT--SUMMARY

A. Conclusions

1. The results from Task 1 efforts for determining the feasibility of
developing a container to meet the 3.1 Technical and Operational Requirements
indicate that:

a. A1l of the container design concepts presented can meet the tech-
nical requirements with different degrees of development risk.

1) Container concepts resulting from design Approach 2 use state-
of-the-art tire cord fabrication techniques to develop the required strengths,
however, these containers are the heaviest of the three design approaches for
all-flexible containers.

2) Container concepts resulting from design Approach 1 require
improvement in the state-of-the-art of woven fabric seaming techniques to

develop the required seam strengths. One of these container concepts has the
least weight.

3) Container concepts resulting from design Approach 3 requires
development of the filament winding technique for using elastomers in gun
form instead of liquid form. The weights of these container conceots are
simitar to the weignts of container concepts using desian Apornach 1.

b. The large volumes added for flotations; ie, approximately 25,000
gallons, 1imit the selection of materials for flotation under waves 12 feet
high to contained compressed air,

1) Foams with sufficient strength to displace water at these
pressures require excessive packing volumes and are relatively heavy.

2) Foams generated at the site become rigid, costly, and difficult
to remove, besides being relatively heavy.

3) Air supply systems can be obtained for providing air inflation
in approximately one hour; ie, 5 to 10 horsepower systems.
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c. Operation of the containers is similar to that for present all-
flexihle containers with the addition of those operations associated with
filling the buoyancy volumes with air.

1) Operational efforts for container concepts from design Approach
1 are only expanded to include those operations associated with filling the
twin flotation cylinders with air.

2) Operational efforts for container concepts from design Approaches
2A and 3A are only expanded to include those operations associated with filling
the segments with air through a single hose into a manifold system.

d. A1l of the chemicals on the U.S. Coast Guard Hazardous List can
be contained for 200 hours by using two different fabric materials for the
container's structure plus adding a liner within the "acid" container.

1) ANitrile (high-Vinyl) Nylon cloth fabric container will handle
17 of the chemicals.

2) A Butyl-Polyester cloth fabric structure with a Teflon-Glass
cloth fabric liner can handle the other 17 chemicals.

2. The results from Task 1 efforts for determining the feasibility of
developing a container with less stringent values for the 3.1 Technical and
Operational Requirements and other considerations indicate that:

a. Reducing the specific gravity of the chemical to be carried for
design reduces the fabric strength requirements and the weight of the con-
tainer concepts. However, the effect on the overall feasibility of develop-
ing the container is not very significant.

b. Container concepts with internal air buoyancy provisions can
carry increasing quantities of chemicals as the specific gravities of the
chemicals to be carried decrease from the value used for container design
until near unity where the geometric limit of the container is reached; ie,
chemical plus air volumes.

¢. All container concepts can be partially filled or filled while
on a barge.
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1) Container concepts resulting from design Approach 1 can be
filled to approximately 80 percent of rated capacity.

2) Container concepts resulting from either design Approach 2
or 3 can be filled to rated capacity.

d. Operation at partial fill appears possible for all concepts with
some reduction in container operating speeds for container concepts resulting
from design Approach 1.

1) Containers resulting from design Approaches 2 and 3 are pres-
surized, will ride high in water, and can be towed at 10 kts.

2) Containers resulting from_design Approach 1 will be limp when
only partly filled reducing the allowable towing velocity at some fill con-
ditions.

3. The results from Task 1 efforts for determining the effect of varia-
tions in the values of 3.1 Requirements on the feasibility of developing a
container indicate that:

a. Wave height and the related dynamic actions determine the required
fabric strength when the wave height is greater than 8.75 feet; ie, 2 x 8.75
ft waves = 3.5 x 5.00 ft. waves: where: Amplification factor = 2 for static
conditions = 3.5 for towing faster than 5 kts.

b. Drag is the function of the towing velocity squared, a container
shape factor, and the maximum cross-sectional area of the container.

c. Advances in the state-of-the-art of the basic materials are not re-
quired for container development; however, demonstrating improved seam strengths
with woven fabrics or demonstrating the filament winding technique using
elastomers in gum form can lead to less weight and bulk systems than design

Approach 2.

d. The time for setting up the container to receive chemicals can
be varied by the packing arrangement, the manpower available, the size of the
air lines and air supply, and the number of connections to be made. A four-
hour set up time appears reasonabie for simple packing approaches.
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4. The results from Task 2 efforts for comparing the risks and costs of

candidate container design concepts indicate that:

a. Container concepts resulting from design Approach 2 have the mini-
mal technical and development risk; however, their total development costs are
2.5 to 3 times the costs for the least expensive system, Table 29.

b. Operational hardware production costs for container concepts re-

sulting from design Approach 2 are 3.6 times the costs of that for the least
expensive container systems.

c. A listing of risk and relative hardware cost ratios for ten sys-
tems indicate that cost increases as risk is reduced; ie:

Concept R TAY 1Bl 2 2AT 3 3
Development Risk Rating 2to32to2A2to 3l 1 1 Rto3Rto?2
Hardware Cost Ratio (a)} (a)) (a) (b)) (b)
5 with liners and 5 without 2.111.312.013.6]3.7}2.511.4

Where: (a) Risk ratings are associated with constructing high-strength sewn seams fer
concepts 1 and 18. A rating of 2 is associated with attaining seam strengths from i
1,400 to 1,900 1bs/inch and a rating of 3 is associated with attaining seam strengths ‘
from 1,900 to 2,500 1bs/inch. A rating of 2 to 3 for concept 1A is associated with ;

maintaining the strength of the large bonded lapped seam after immersion in the chemi-
cals.

(b) Risk ratings of 2 to 3 for developing and refining the filament winding
techniques for the selected materials are based on a rating of 2 for the Nitrile/Nylon
containers and a rating of 3 for the Butyl/Polyester containers. The rating of 2 for
the Nitrile/Nylon containers is based on successfully filament winding Neoprene/Nylon
decompression chambers on an experimental basis where the Neoprene was in gum form.

A rating of 3 for the Butyl/Polyester is based on the softer nature of the Butyl rub-
ber in gum form.

5. The results from Task 3 efforts to investigate the relative attractive-
ness of other container concepts indicate that:

a. Rigid containers have limited capacity when designed to remain with-
in the dimensions of the air transportation envelope.

1) A container with an 8,000 gallon capacity is possible within an
3 x 8 x 26 feetenvelopewhile meeting most of the other 3.1 Technical and Opera-
tional Requirements. Draft is 11 instead of 10 feet, and the lifting require-

ments for the crane is 7,200 to 12,250 pounds instead of the limiting value of
1,000 pounds.

208 i




2) The hardware cost ratios for 25,000 gallons of capacity indicate
that ricid containers are two to four times the cost of the least expensive
25,000 gallon flexible container, Table 40.

b. The use of more than one expandable container can provide nearly
the required capacity when they are designed to be packed together within the
transportation weight and volume limits.

1) A container with a capacity of 5,000 gallons is possible using
a "Pillow Tank" and an aircraft pallet. The total weight of the individual
containar concept is 3,349 pounds. Four individual systems can be carried at
one time within the15,000 pound weight 1imit. The only other 3.1 requirement

not met is requiring a crane with a 1ifting capacity of 3,350 pounds instead
of 1,000 pounds.

2) The hardware cost ratios for 25,000 gallons of capacity indicate
that five expandable containers are approximately the same cost as the Teast
expensive 25,000 gallon flexible container.

c. Adding auxiliary flotation cylinders to present all-flexible con-
tainers increases the number of chemicals that can be carried from 8 to 11.

1) The container material is not compatible with the other chemi-
cals.

2) Thus, the modification adds a capability for only three more
chemicals to present containers.

3) The hardware cost ratios for 25,000 gallons of capacity indicate
that present container designs modified to carry these three additional chemi-
cals cost approximately the same as the least expensive 25,000 gallon flexible
container of Task 1, Table 40.

B. Open Items

The results from the Task 1 and 2 efforts indicate that there are several
open items that affect the risks and costs for developing a container concept
including:
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1. Demonstrating that the filament winding technique is practical with the
materials selected for constructing seamless containers that are less costly and
less heavy than container concepts from design Approach 2 and less costly than
container concepts from design Approach 1.

2. Cemonstrating that the required seam strengths are practical with woven
fabrics for less costly and less heavy containers than container concepts from
design Approach 2.

3. Demonstrating that a chemically tight flexible seam is practical with
Teflon-Glass cloth fabrics for excellent chemical compatibility and reasonable
liner costs.

€. Recommendations

1. From the conclusions and the open items relative to the feasibility of
developing 25,000 gallon containers to meet the requirements of 3.1, it is recom-
mended that: f

a. A program be conducted prior toor as the first part of the Preliminary Desigr
Phase to establish the filament winding technique for constructing chemical container
concepts for design Approach 3A. This construction technique has a technical advan-
tage in that it is seamless and its strength is not restricted by the state-of-the-
art for seam strengths as are the construction techniques for design Approaches 1, 1A,
and 18. The filament winding construction technique also can lead to the least costly
system because it uses machinery compared to the extensive hand labor required for
constructing the container concepts for design Approaches 1 and 2.

b. Any consideration for advancing the state-of-the-art for seam strength be
contingent on the results of the filament winding program.

¢. The demonstration of the chemical tightness of a flexible seam using Teflon-
Glass cloth fabrics follow the establishment of the filament winding construction
technique.

2. From the conclusions of Task 3 for other containers, it is recommended that:

a. Investigation of rigid containers be limited to the smaller spill sizes;

b. Investigation of expandable containers be included for spill sizes to 25,000
gallons;

¢. Investigation of modifications to containers made of Nitrile (Medium Vinyl)/
Nylon cloth fabrics be limited as they do not appear to be cost effective since only

11 chemicals can be carried with the modifications compared to eight in their present
form. ’
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APPENDIX A
STRESS ANALYSIS AND

SHAPE OF THE SUBMERGED CONTAINER

(Design Approach 1 Concepts)

Summar

1. A numerical method to calculate the submerged shape of the flexible container was
formulated and is presented herein.

2. The method is applied to a flexible cylinder filled with 1liquid having a specific
gravity greater than 1. The cylinder may be supported either on each side or at the
top center as shown in Figures A-1 and A-2, respectively. The latter case also ap-

plies to analysis of the supporting buoyant flexible cylinders that are filled with
air.

3. Six foot diameter cylinders for containment of the liquids with an internal over
pressure equil to twice the external head at the top of the submerged cylinder was
used throughout the study.

4. The cylindrical cross-sections were found to remain essentially circular for 2
foot external head and when filled with liquids of specific gravities from 1.1 to 1.9
(See Figure A-3).

5. The method was applied to design Approach 1 concepts discussed in the body of this
report. The shapes were calculated for liquid specific gravities of 1.9 to 1.4.

6. Stresses and required strengths are calculated herein. The amplification factors
and design factors discussed in the body of this report are applied.
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FIGURE A-3 CONTAINER CROSS-SECTIONS WITH LIQUIDS OF
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Numerical Method

An initial boundary value problem is solved whereby a trial value of the membrane

tension is made and incremental radii of curvature and arc lengths are calculated

starting at x = y = 0 and proceeding through the chosen number of increments. Sub-

sequent tension trials are made until the condition of x = 0 at the end of the last

increment is achieved. ;
!
i
|

This basic method applies to all shapes of Figures A-1 and A-2 with some variations.
The case of the liquid container supported by two air chambers is presented first.

1. Container Supported by Two Air Chambers

Consider the forces acting on one-half the cylinder as sketched in Figure A-4:

v * 7 Water Line

1
. %
E‘ P Pu H %
i .
1
E *
5 1!

Cylinder
Deformed Shape

l FIG. A-4, Geometry for Two Buoyant Supports
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Let:
R = Radius of the undeformed cylinder ~ ft.
F = Buoyancy Force ~ Ibs/ft.
H = Draft ~ ft.
d = Depth to top of container ~ ft.
x,y = Coordinates of cross-section ~ ft.
Po,pi,pw = Qverpressure, internal pressure and external water ?
pressure, respectively ~ 1bs/ft.3
¥i-dl, = Internal and external liquid densities ~ 1bs/ft.

Because F is unknown in magnitude and in direction, the first step is to solve for
the shape in the absence of F. This amounts to placing the force F at x = 0, y = Ye
as sketched in Figure A-5. Once the solution for this case is found, the force F

can be calculated (Eq. 12) and then placed at the equator of the deformed shape. The

iterative solution is then repeated to yield the desired shape as sketched in Figure
A-6.
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In Figures A-5 and A-6, let:

1]

H

]

Number of increments on the angle,
Polar angle and incremental angle, respectivelya~s radian

Local radius of curvature ~ ft.
Membrane tension ~ 1bs/ft.
Coordinates of point i on the shape ~ ft.
Chord length of local arc ~ ft.

The following equations apply:

From Figure A-4, the gage pressure is:

ap =Pyt P =P, =Pyt -d) y- ad

or: .
Po +f &1 -1)y—d
Bry = 8s \do

Consider only the case of: Eg

= 2d
o

A-Q.:d-{-(l’.i.- )y
o o

The membrane tension is given by:

T =ape
or:

By geametry of Figures A-5 and A-6:

S¢= %g.

©
"

i+17 %4 P04

—
#

2o sin §3/2

><
]

, =X, +1 cos
i+l 3 Ci+1




The required buoyancy force is:

Shape of the Air Chambers

Yiep T Y5 * 1 sin (qb + 6¢1+1) (10)

area of the deformed cross-section is:

=12 8N (% * Xiyq) iy - i) (1)

F= (o -0) A

0

1/z<"“‘ - 1) N (x * xu ) ey - ) (12)

F/l{1o

Consider the forces acting on one-half the air chamber as sketched in Figure A-7:

Xy ]
° r

I 3

RPURD. 0,

Freeboard ~ ft.

v v Water
L + Line
y oc
IF
pw
[a—

FI1G. A-7, Geometry for Air Chamber




The preceeding equations are again applied except the initial values are
not x = 0, y = 0. Rather, a freeboard is assumed along with the initial trial
tension so that:

Py = T/Pg (13)
3
h
s = cos -1 < -<—-> (14)
0 2,
y
] and, Xy = 24 sin % (15)
E
of course,

1l

AD//’O
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Resulting Shapes

The submerged shapes of the liquid containers and their buoyancy air chambers for
design Approach 1 concepts are presented in Figures A-8 and A-9 for liquid specific
gravities of 1.9 and 1.4.

Consider Figure A-8. Two separate shapes for the buoyancy chamber are shcwn. Either
one is valid for calm water. However, the one that is pressurized to a 4.7 foot head,
i.e. po/’b = 4.7 ft.. will collapse under the specified 12 foot wave. Hence, the
pressure was increased to a deisgn value of po/’b = 1€.7 f+., as shown. [t is this
shape that applies so that, under a 12 foot wave, this chamber may deform and approach
the 4.7 foot head contour while still retaining the required buoyancy.

The design conditions for the 1.4 specific gravity of figure A-9 meet the 12 foot
wave requirement.

The submerged shapes for design concepts having a single buoyancy chamber are shown
in Figures A-10 and A-11 for liquid specific gravities of 1.2 and 1.5, respectively.
Only the former case satisfied the minimum draft 1imit of 10 feet.




b

E

Half Width, ft.

0 1 e 5

4.7 ft.

1« = ]2.6 ft- \
2
= 8.5 ft. \
/ \
2 16.7 ft.

13.8 ft.2
33.46 ft.

Depth, ft.

13.96 ft.2

9.43 ft.

10

FIG. A-8, Two Air Chamber Configuration for S.G. = 1.9
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] Half Width, ft.

9 ] 2 3 \4 5

16.48 ft.
6.09 ft.
24.22 ft.

oo
oo

J']/wo = 1.4

Depth, ft.

13.89 £t.2

9.43 ft.

H W

FIG. A-9, Two Air Chamber Configuration for S.G. = 1.4
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Width,

ft.

3 2 IR, 2 3
[ - { ] L i
po/fo = 16.48 ft.
Flgy = 6.09 fr.2
) 2
Flgr, = 5.52 ft.
y Po/j{)= 6 ft.
! ]
; J’;/fa = 1.2

Depth, ft.

FIG. A-10, Single Air Chamber

. -10

Configuration for S.G. = 1.2
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Width, ft.

3
L
= 16.7 ft.
= 13.8 ft.2
= 13.8 ft.2
= 19.1 ft.
i = 1.5
i l
3 |
_ i
l. . ‘]] :;
‘ . {
5 FIG. A-11, Single Air Chamber Configuration for $.G. = 1.5
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Stress Analysis

Limit stresses and corresponding required ultimate strengths are calculated for
the liquid container, the buoyancy chambers, and their connecting webs. Both the
cases for specific gravities of 1.9 and 1.4 are considered.

1. Case 1--S.G. = 1.9

a. The Liquid Container

Per Figure A-8, the operating pressure is:

Po = 6.5 JB = (6.5)(6.4) = 416 PSF

The maximum static differential pressure occurs at the top of the
container and is one-half the operating pressure, i.e.,

apg = 1/2 Py = hIB = (3.25)(64) = 208 PSF

This must be added to the maximum dynamic pressure to give the limit
design pressure. This dynamic pressure is discussed in the body of this report
where, the expression is found:

bpy = =fpH = (2)(1.9)(62.4)(12) = 2,845 PSF
Where:
« = dynamic amplification factor = 2
J = specific gravity = 1.9
p = density of fresh water = 62.4 pcf
H = design wave height = 12 ft.
8p = 8pg + Apy = 208 + 2,845 = 3,053 PSF
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The limit stress is this differential pressure times the nominal 3 ft. radius, i.e., ‘

. - 3\ _ .
6= ApR = 3,053(12) = 763.3 1bs/in

The corresponding required ultimate strength is based on the composite design fac-
tor (D.F. = 4) discussed in the body of this report.

Ftu = D.F.f = (4)(763.3) = 3,053 1bs/in

b. The Buoyancy Cylinders

The operating pressure equals the maximum static differential pressure and from
Figure A-8 is:

The dynamic stress is based on an amplification factor of 2, i.e.,
(= =T = 2(178.5) = 357 1bs/in

The design factor is increased from 4 to 4.8 to reflect an estimated reduction in
seam efficiency from 90 to 75 percent for the chamber to connecting web joint.

The required ultimate strength is then:
Ftu = (4.8)(357) = 1,714 1bs/in.

c. The Connecting Web

The 1imit buoyancy stress from Figure A-8 is:

F

13.847, = (13.8) (%) = 73.6 Tbs/in.

and, Ftu (4.8) (73.6) = 353 1bs/in.

Mot e o
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2. Case 2--S.G. = 1.4

The above steps are repeated but the proper values as taken from Figure A-9
are applied as follows:

a. The Liquid Container

p, = (3.2)(64) = 205 PSF
tp = 1/2 p, = 102 PSF
3 bpy = <oH = (2)(1.4)(62.4)(12) = 2,097 PSF

AP = apg + Apd = 102 + 2,097 = 2,199 PSF

0 =8pR = 2,199 T32‘ = 549.7 1bs/in
Fo, = D-F. 6 = (4)(549.7) = 2,199 1bs/in

b. The Buoyancy Chambers

p, = 8pg = (16.48)(64) = 1,085 PSF
. 64 _ ,

T = (24.22) (T?)“ 129 1bs/in

0= «T = 2(129) = 258 1bs/in

Fp, = (4.8)(258) = 1,240 1bs/in

c. The Connecting Web

F = (6.09) G’% = 32.5 1bs/in
Foy = (4.8)(32.5) = 156 Tbs/in




APPENDIX B
STRESS ANALYSIS AND

SHAPE OF THE SEGMENTED CONTAINER

(Design Approach 2 Concepts)

Aggroach

The structural configuration follows bias ply tire construction. Each segment of the
container is laid up of two bias plies of cord type fabric on a barrel shaped form.
These plies are wrapped around steel wire tension beads at each end in the same way
that beads are formed into a tire. Segments are assembled by mounting on drop center
rims as a tire is mounted except that there are two rims per segment (see Figure B-1).
These rims are integral to a sandwich bulkhead having stainless steel faces and either
foam, balsa, or honeycomb cores.

The bias cord angle and the contour of the barrel shape are chosen so that variation
in stress ratios cause small changes in shape. Per Figure B-1, the bias angle is 54
degrees, and the meridian profile is a circular arc of half central angle = 7.614 de-
grees and radius = p = 453,7 inches.

Analysis for S.G. = 1.9

Let:
F = the drag force ~ lbs.
p = internal pressure ~ psig
8 = bias cord angle = 54 degrees

PPy = meridian and circumferential radii of curvature, respectively .~ inches
R = radius of the outer rim edge = 45 inches
1 = length of one segment = 123 inches
01,05 = meridian and hoop stress, respectively ~ 1bs/in
¢3 = stress in one ply of cords ~s 1bs/in




Bead 3
2 ply bias [
. d fabric
Tension - . cor
Band = 7.014 deg. ‘
J /
Rim (Molded into bulkhead)
L R = 45 1 
Bulkhead pe——— Bulkhead Face i
core ;
J
|
L

| Jﬁ Valve Stem _
{ air valve — 7f/;7 §
Q:LiE::T' ——~——-—‘_-""“—{%3*' |

Foam Pad
\ .
4 ;‘ +ﬂ= 54 deg
¢
—#F 54 deg
I F-Bulkhead |
cord fabric wrap angles
N
E ' Container Segment
\
} J |
‘ Chemical }r-Flooded hose Chemical
I valve valve
C. ° i )
l \E " = =

/

ill/drain hose—~ Inlet/outlet
=i ~

123

Figure B-1-One Design Concept for Approach 2
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Consider the axial forces acting on a cross-section at the mid-length of one segment
and let the ratio of the drag force to pressure load be denoted by K; i.e.,

£
K =
p“022 (])
l" 2
F+ p"pz p02
e e LA (2)
g Pe o
- dYy. T2, 022
02—02<-p 5 2 5 (1 + K) (3)
1 1
) 1o, _ 1] 2 P2
[ tan _2 = tan Jm - o (4)
9
a pe
OB = ]T = 42 1 +2K (5)
2 cos 8 C0s B
From the geometry of Figure B-1:
- 4 . - 4 = ;
cos 9 =1 - oy ) = T Cos TETAC 453.7 in.
02=R+4=45+4=49‘in.
For K= 0 For K= 1/2
B=tan-12—ﬁ?—7—=s4° 8= tan | T - s 41.9°
(e o] g
1 P2 49, - a1 3
7 T3 24.5 5 " (24.5) <2>= 36.75
g P P
2 2 2 ( 49 o
— = -—=)=24.5(2 - = 46.4 2 . 3/ 49
p T< oy 453.7 o (24.5) [2 -5 15_3_7>} 45

:

[0}
o] 0 B 1.5
B 2 / 1\ 1\, 8 12.25( = 40.88
= > 12.25 -—2—> 35.5 5 s 47.9)
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In order to seat the beads and to preclude leaking around the rims, the operating
noressure must exceed the maximum external pressure. This corresponds to the speci-
fied design wave height of 12 feet. A factor of 1.5 is applied so that the opera-
ting pressure is:

Py = 1.5,h = 1.5(64)(12) = 1,152 PSF

This must be added to the maximum dynamic pressure to give the limit design pressure.
From the body of this report: Apy = =yoH. Here, the same values as used in config-
uration 1 are applied Except for H, the wave height. Since each segment is 10 feet

long and is half filled, the maximum possible internal head is 5 feet. This is used
for H so that:

apy (2)(1.9)(62.4)(5) = 1,185.6 PSF

Ap = p, * Apy = 2,338 PSF = 16.24 psi

{ This is applied to the preceding equations to give the design Timit stress in each
of the bias plies of: i

g = 40.88 (16.42) = 663.7 1bs/in

The corresponding required ultimate strength for the previously discussed design
factor is:

u

F v D.F. og

. 4(663.7) = 2,655 1bs/in

a. Bulkhead for S.G. 1.9

u

Circular flat sandwich plate—uniform pressure. Design limit pressure, q = 16.42 psi ¢
2

q
2 B3] i i Y

0.2067 o*~

P ht ‘-i

el Ea = 45 g [ L
0.2067 (16.42) —33_ 2 0.048

= 47,728 1bs/in
3(0.048) :

M= 0.2067 qa

|

Q
[}

>
1}
w

g

P
"

e 2 2,

i‘ 230 ‘,
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For Facings of PH15-7MO (RH1050), Fcy = 190,000 Tbs/in

301,302 Annealed, Fey = 40,000 1bs/in? {
1/2 Hard, Fey = 72,000 1bs/in?
Balsa Core @ 8 to 10 pcf Fey = 1,410 Tbs/in? {
Fey = 980 1bs/in? 5
Consider f
t = 18 gage (0.048") h = 3"

2.016 1bs/ft°

wt
47,728 1bs/in® -~ 0.K. for 1/2 Hard

- O_b

Weight of one bulkhead, wH

L = 2(2.016) 7(%%)2 . %.($%>2(8)

178 + 88 = 266 1bs.

W

b. Rim Assembly for S.G. = 1.9

597 1bs/in w——-— oy = 36.75 (16.24) = 597 ibs/in (1imit)
1) Bead ,

+0.002
-0.00
F

tu 270 ksi ht. steel

- 10m 2 6 o
AE ax = 7 (0.039)7(29 x 107) ¥30 ;

6

70 wraps of d = 0.037 % Wire

2.43 x 107 1bs.

D }
T R sin 30° {~
~9 7T

% (597)(45)(1/2) = 13,433 1bs. L}\h‘ - Dp = 90 (die
¥ T = 20,149 1bs.

h/2 =11/2 o Di = 86.6 (dia.)
Length = 123 in.

44
[ =
I

" 231




R —— w-ﬁ

AMS 5548 Cond. SCT 850, F_ = 185 ksi
Fty = 150 ksi

= 12 gage = 0.1054"
W= 4.427 1bs/ft2 Fey = 158 ksi
Fo, = 120 ksi

a) Hoop Compression (for 10 psi mounting)

10
~ T _T6.28 (13,433)sin 10° _ 2
T It (0.T4T){0.1053) 96,649 1bs/in

b) Shear

i

I A
Sy * % T G 7083 5,664 1bs/in

3) Retainer t = 14 gage 3.154 1bs/ft?

0.0751", w

M = 1/2(90 - 86.6)(36.75)(10)(1 - 0.155in 30°) = 578 1bs/in
fo = o= -2I8 = 102,460 1bs/in? -~ 0.K. for AM-350
t° (.0751)

4) Weight of Rim Assy

a) Rim  7(86.6) (13) + 1(44.3% - 43.32) + 2n (44.3)(0.81)

+ m(45 + 44.3)(1) = 1,189.3 in% (1/2 rim)

" s _2(1189.3) _
‘5 me = Jﬁr—- (4.427) = 73.1 lbs.

b) Retainer

(17)n(86.6) +(90.25% - 86.62) r = 2,436"% ( 1/2 retainer)

A e -
RAPSRS AN
R AT VRigrs $90T i vemon TD |12

ey

Woer = 2(2,036) 331 = 106.7 1bs.

[P

c) Bead g =70 I (0.037)2(907)(0.286)

Total Assy Weight: _
. NR 73.1 + 106.7 + 12.2 = 192 1bs.

6.1 1bs (1 bead)

g KPP P R
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Analysis for S.G. = 1.4

3
¢ The preceding analysis is followed starting with a smaller container. With ref-
L erence to Figure B-1, the Geometric values now become:
4 1 =116 in. e = 3.76 in. °1 = 426.5 in.
é R = 38.25 in. 0 = 7.614 deg. P2 = 42 in.
; The operating pressure is:
P, = 1.5(64)(12) = 1,152 PsF ’.
The dynamic pressure is based on a half filled segment; i.e.:
| H=1/2 083 =4 1.
apy = 2(1.4)(62.4)(4.71) = 822.6
F | Ap = p, * 8py = 1,152 + 822.6 = 1,975 PSF = 13.7 psi
The critical stress and required strength are:
o = 40.88 (13.7) = 560.6 1bs/in
Ftu = 4(560.6) = 2,242 1bs/in.
Bulkhead
2 3§ 352 2
i, op = 0.2067q £z = 0.2067(13.7) r2oce3r = 47,134 Tbs/in
1 Use 22 gage (0.0293) -301,302-1/2 hard wt = 1.231 1bs/1‘n2
5? Wt. of one bulkhead, W,
‘i "
2 2 2 f
A 3 . T .25 :
g My = 2(1.231) n<%-23-5-) + {-(i%z—) (8) = 142.42 1bs. a
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; Rim Assembly

a9y = 36.75 x 13.7 = 503.5 1bs/in (limit)

T %o, %ﬂsin 30° = 5—02—5 (6.375 x 12) = 9.629 1bs (1imit)

1 51 wraps of d = 0.037; F, = 270 ksi ht. steel

T

tu 14,806

S F.S. = 925 = 1.54
= 5] % 57037 ° (6.375 x 12) = (0.286) = 3.77 1bs.

Wg
k gﬂg:

Hoop compression for 10 psi mounting:

T= 3% x 9,629 = 7,028 Tbs (limit)
E o, = - %ﬁ%= 96,170 1bs/in?
f * Use 13 gage (0.090), Wt = 3.780 1bs/in?

6.375 3.78 _

Retainer:

M 2 1/2(3.4) [(36.75)(10) - 0.15 x 183.75] = 578 1bs/1‘n2
fb = 102,482 -- Same as for = 1.9

Wt. % 973%2 x 106.7 = 90.7 1bs.

TOTAL = 90.7 + 53 + (3.77)(2) = 151.25 1bs.




APPENDIX C
STRESS ANALYSIS AND SHAPE

OF INDIVIDUAL CONTAINERS-~CABLE CONNECTED

(Design Approach 3 Concepts)

Approach

This configuration is readily suited to filament winding construction. Each container
has a central, internal cable assembly connected to fittings at each pole as shown in
Figure C-1. These fittings serve as universal joints and are used to connect any num-
ber of containers. As such, only these cable assemblies carry the sum total of the
drag loads. Each filament wound vessel need only carry its individual pressure and

drag loading.

Although a filament wound sphere is indicated in Figure C-1, the vessel is actually a
short cylinder with end domes of one of the classical filament wound geodesic ova-
loids. The chosen shape is constructed of helix windings at = = +15 degrees with
additional circumferential windings over the cylindrical length.

Geometry (General)

The normalized geometric properties of the dome are presented in Figures C-2 and C-3.
Here, the actual pole radius is Xf = (0.25937 R although the theoretical pole radius
is slightly less and is given by: '

Xt = R sin <. = R sin 15° = 0.25882 R (M)
Between the hole and outboard of the inflection point, the anticlastic curvature is
avoided by using a tangent sphere for the shape. Additional woven reinforcement is
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